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(57) ABSTRACT

According to one embodiment, an actinic-ray- or radiation-
sensitive resin composition includes (A) a resin that when
acted on by an acid, increases its solubility in an alkali devel-
oper, (B) a compound that when exposed to actinic rays or
radiation, generates an acid, and (C) a resin containing at least
one group selected from among the following groups (x) to
(z) and further containing at least either a fluorine atom or a
silicon atom, in which three or more polymer chains are
contained through at least one branch point, (x) an alkali-
soluble group, (y) a group that when acted on by an alkali
developer, is decomposed to thereby increase its solubility in
the alkali developer, and (z) a group that when acted on by an
acid, is decomposed to thereby increase its solubility in an
alkali developer.

12 Claims, No Drawings
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1
ACTINIC-RAY- OR RADIATION-SENSITIVE
RESIN COMPOSITION AND METHOD OF
FORMING PATTERN USING THE
COMPOSITION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based upon and claims the benefit of
priority from prior Japanese Patent Application No. 2009-
238284, filed Oct. 15, 2009, the entire contents of which are
incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an actinic-ray- or radia-
tion-sensitive resin composition for use in a lithography
operation employed in a semiconductor production process
for an IC or the like, production of a circuit board for a liquid
crystal, a thermal head or the like and other photofabrication,
and relates to a method of forming a pattern using the com-
position. More particularly, the present invention is con-
cerned with an actinic-ray- or radiation-sensitive resin com-
position that is suitable for exposure using a liquid-
immersion projection exposure apparatus in which a far
ultraviolet light of wavelength 300 nm or shorter is employed
as a light source and with a method of forming a pattern using
the composition.

2. Description of the Related Art

In accordance with the miniaturization of semiconductor
elements, the wavelength shortening of the exposure light
source and the realization of high numerical apertures (high
NA) for projector lenses have been advanced. For achieving
the enhancement of resolving power by further wavelength
shortening, it is heretofore known to employ a method in
which the space between a projector lens and a sample is filled
with a liquid ot high refractive index (hereinafter also referred
to as an “immersion liquid™), generally called a liquid-im-
mersion method. The liquid-immersion method is effective in
all pattern configurations. Further, this can be combined with
a super-resolution technology, such as a phase shift method or
a modified illumination method, now under study.

Since the emergence of the resist for a KrFF excimer laser
(248 nm), it has been of common practice to, in order to
compensate for any sensitivity deterioration caused by light
absorption, employ an image forming method through
chemical amplification as a resist image forming method.
Briefdescription of a positive image forming method through
chemical amplification is given below by way of example.
Upon exposure, an acid generator is decomposed in exposed
areas to thereby generate an acid. At the bake after the expo-
sure (Post-Exposure Bake: PEB), the generated acid is used
as a reaction catalyst so that an alkali-insoluble group is
converted to an alkali-soluble group. Thereafter, alkali devel-
opment is carried out to thereby remove the exposed areas.
Thus, the relevant image forming method is provided.

The resist for an ArF excimer laser (193 nm) utilizing this
chemical amplification mechanism is now becoming main-
stream. However, in the liquid-immersion exposure, the resist
has posed not only the problem of pattern collapse such that a
formed line pattern collapses to thereby cause a defect in
device production but also the problem of line edge roughness
involving roughening of pattern side walls.

Moreover, it is pointed out that when such a chemical
amplification resist is applied to liquid-immersion exposure,
as the resist layer is brought into contact with the immersion
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liquid during the exposure, not only would the resist layer
suffer a property alteration but also components having an
unfavorable influence on the immersion liquid would leach
from the resist layer. In this connection, patent references 1 to
4 describe examples of inhibiting the leaching by the addition
of'a resin containing a silicon atom or a fluorine atom.

Further in the liquid-immersion exposure process, in the
event of exposure using a scan type liquid-immersion expo-
sure machine, the exposure speed is decreased when the
immersion liquid fails to move while tracking a moving lens.
This would negatively affect productivity. When the immer-
sion liquid is water, it is preferred for the resist film to be
hydrophobic from the viewpoint of superiority in water track-
ing properties.

However, even when the liquid-immersion exposure is car-
ried out using the above-mentioned technology, it is likely to
encounter development defects, known as blob defects, and
scumming. Thus, overcoming these problems is demanded.

[Patent reference 1] Jpn. Pat. Appln. KOKAI Publication
No. (hereinafter referred to as JP-A-2006-309245),

[Patent reference 2] JP-A-2007-304537,

[Patent reference 3] JP-A-2007-182488, and

[Patent reference 4] JP-A-2007-153982.

BRIEF SUMMARY OF THE INVENTION

Itis an object of the present invention to provide an actinic-
ray- or radiation-sensitive resin composition that is enhanced
in the line edge roughness, blob defects and scumming and
that can form a pattern which ensures favorable immersion-
liquid tracking property in the stage of liquid-immersion
exposure. It is another object of the present invention to
provide a method of forming a pattern using the resin com-
position.

According to an aspect of embodiments, the present inven-
tion is as described below.

(1) An actinic-ray- or radiation-sensitive resin composition
comprising:

(A) a resin that when acted on by an acid, increases its
solubility in an alkali developer,

(B) acompound that when exposed to actinic rays or radia-
tion, generates an acid, and

(C) a resin containing at least one group selected from
among the following groups (x) to (z) and further containing
at least either a fluorine atom or a silicon atom, in which three
or more polymer chains are contained through at least one
branch point,

(x) an alkali-soluble group,

(y) a group that when acted on by an alkali developer, is
decomposed to thereby increase its solubility in the alkali
developer, and

(z) a group that when acted on by an acid, is decomposed to
thereby increase its solubility in an alkali developer.

(2) The actinic-ray- or radiation-sensitive resin composi-
tion according to item (1), wherein the content ratio of the
resin (C)is inthe range 0 0.01 to 20 mass % based on the total
solids of the composition.

(3) The actinic-ray- or radiation-sensitive resin composi-
tion according to item (2), wherein the content ratio of the
resin (C) is in the range of 0.1 to 10 mass % based on the total
solids of the composition.

(4) The actinic-ray- or radiation-sensitive resin composi-
tion according to any of items (1) to (3), wherein the resin (C)
comprises arepeating unit containing at least one of groups of
any of general formulae (F2) to (F4) and general formulae
(CS-1) to (CS-3):
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(F2)
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Rsy Rss
(F3)
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(F4)
Res 15
Res—TRe7
—+—OH
Res 20

in general formulae (F2) to (F4),

each of R, to Ry, independently represents a hydrogen
atom, a fluorine atom or an alkyl group, provided that at least 25
one among R, to Ry, among R, to Ry, and among R, to
Rgg 1s a fluorine atom or an alkyl group substituted with at
least one fluorine atom, and provided that R, and R; may be
linked to each other to thereby form a ring, and
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\ . 1 .
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Sl—O—Si\
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in general formulae (CS-1) to (CS-3),

each of R, to R, independently represents an alkyl group
or a cycloalkyl group,

each of L; to L5 independently represents a single bond or 5
a bivalent connecting group, and

n is an integer of 1 to 5.

4

(5) The actinic-ray- or radiation-sensitive resin composi-
tion according to any of items (1) to (4), wherein the resin (C)
comprises a repeating unit containing in its side chain a group
(y) that when acted on by an alkali developer, is decomposed
to thereby increase its solubility in the alkali developer, which
side chain contains at least either a fluorine atom or a silicon
atom.

(6) The actinic-ray- or radiation-sensitive resin composi-
tion according to any of items (1) to (5), wherein the resin (C)
is a comb polymer.

(7) The actinic-ray- or radiation-sensitive resin composi-
tion according to any of items (1) to (5), wherein the resin (C)
is a star polymer.

(8) The actinic-ray- or radiation-sensitive resin composi-
tion according to any of items (1) to (7), wherein the resin (A)
comprises a repeating unit containing a lactone structure.

(9) The actinic-ray- or radiation-sensitive resin composi-
tion according to item (8), wherein the resin (A) comprises at
least any of repeating units of general formula (1) as the
repeating unit containing a lactone structure,

®
Ry

/f\k/

A
TRO—ZQKRS

in which

A represents an ester bond (—COO—) or an amido bond
(—CONH—),

R, represents an alkylene group, a cycloalkylene group or
a combination thereof, provided that a plurality of R°’s may
be identical to or different from each other,

Z represents an ether bond, an ester bond, a carbonyl bond,
an amido bond, a urethane bond or a urea bond, provided that
a plurality of Z’s may be identical to or different from each
other,

Ry represents a monovalent organic group with a lactone
structure,

n, is the number of repetitions of the structure of the for-
mula —R,—7—, being an integer of 1 to 5, and

R, represents a hydrogen atom, a halogen atom or an alkyl
group.

(10) The actinic-ray- or radiation-sensitive resin composi-
tion according to any of items (1) to (9), which produces a film
that before exposure, exhibits a receding contact angle of 70°
or greater with water.

(11) A resist film produced from the actinic-ray- or radia-
tion-sensitive resin composition according to any of items (1)
to (10).

(12) A method of forming a pattern, comprising forming
the actinic-ray- or radiation-sensitive resin composition of
any of items (1) to (10) into a film, exposing the film and
developing the exposed film.

(13) The method of forming a pattern according to item
(12), wherein the exposure is carried out by a liquid immer-
sion exposure.

By virtue of the present invention, there can be provided an
actinic-ray- or radiation-sensitive resin composition that is
enhanced in the line edge roughness, blob defects and scum-
ming and that can form a pattern which ensures favorable
immersion-liquid tracking property in the stage of liquid-
immersion exposure and further provided a method of form-
ing a pattern using the composition.
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DETAILED DESCRIPTION OF THE INVENTION

The present invention will be described in detail below.

With respect to the expression of a group (atomic group)
used in this specification, the expression even when there is
no mention of “substituted and unsubstituted” encompasses
groups not only having no substituent but also having sub-
stituents. For example, the expression “alkyl groups” encom-
passes not only alkyls having no substituent (unsubstituted
alkyls) but also alkyls having substituents (substituted
alkyls).

[1] Resin (C)

The actinic-ray- or radiation-sensitive resin composition of
the present invention comprises the resin (C) containing at
least one group selected from among the following groups (x)
to (z) and further containing at least either a fluorine atom or
a silicon atom, in which three or more polymer chains are
contained through at least one branch point,

(x) an alkali-soluble group,

(v) a group that when acted on by an alkali developer, is
decomposed to thereby increase its solubility in the alkali
developer, and

(z) a group that when acted on by an acid, is decomposed to
thereby increase its solubility in an alkali developer.

The fluorine atom or silicon atom contained in the resin (C)
may be introduced, or may not be introduced, in the repeating
unit containing a group selected from among the groups (x) to
(z). Also, the fluorine atom or silicon atom contained in the
resin (C) may be introduced in the principal chain of the resin
or, as a substituent, in a side chain thereof.

First, the repeating unit (c1) containing at least either a
fluorine atom or a silicon atom will be described below.

It is preferred for the repeating unit containing a fluorine
atom to be a repeating unit containing, as a partial structure,
an alkyl group having a fluorine atom, a cycloalkyl group
having a fluorine atom or an aryl group having a fluorine
atom.

The alkyl group containing a fluorine atom (preferably
having 1 to 10 carbon atoms, more preferably 1 to 4 carbon
atoms) is a linear or branched alkyl group having at least one
hydrogen atom thereof substituted with a fluorine atom. Fur-
ther, other substituents may be possessed.

The cycloalkyl group containing a fluorine atom is a
cycloalkyl group of a single ring or multiple rings having at
least one hydrogen atom thereof substituted with a fluorine
atom. Further, other substituents may be contained.

As the aryl group containing a fluorine atom, there can be
mentioned one having at least one hydrogen atom of an aryl
group, such as a phenyl or naphthyl group, substituted with a
fluorine atom. Further, other substituents may be contained.

As preferred alkyl groups containing a fluorine atom,
cycloalkyl groups containing a fluorine atom and aryl groups
containing a fluorine atom, there can be mentioned groups of
the following general formulae (F2) to (F4), which however
in no way limit the scope of the present invention.

¥2)

Rso

20

25

40

45

60

65

6

-continued
F3)
Rgs

+ Re3

Re2

F4)

—T1—OH

Reg

In general formulae (F2) to (F4),

each of Ry, to Ry, independently represents a hydrogen
atom, a fluorine atom or a linear or branched alkyl group,
provided that at leastone among R, to R4, among R, to Ry,
and among R, to Rgg is a fluorine atom or an alkyl group
(preferably having 1 to 4 carbon atoms) having at least one
hydrogen atom thereof substituted with a fluorine atom.

It is preferred that all of R5,-R,; and R4s-Rg, represent
fluorine atoms. Each of Ry,, Rg; and Rgy preferably repre-
sents a fluoroalkyl group (preferably having 1 to 4 carbon
atoms), more preferably a perfluoroalkyl group having 1 to 4
carbon atoms. When each of Ry, and R, represents a per-
fluoroalkyl group, it is preferred for R, to represent a hydro-
gen atom. Ry, and Ry; may be bonded with each other to
thereby form a ring.

Specific examples of the groups of the general formula (F2)
include a p-fluoropheny! group, a pentafluorophenyl group, a
3,5-di(trifluoromethyl)phenyl group and the like.

Specific examples of the groups of the general formula (F3)
include a trifluoromethyl group, a heptafluorobutyl group, a
hexafluoroisopropyl group, a heptafluoroisopropyl group, a
hexafluoro(2-methyl)isopropyl group, a nonafluorobutyl
group, an octafluoroisobutyl group, a nonafluorohexyl group,
anonafluoro-t-butyl group, a perfluoroisopentyl group, a per-
fluorooctyl group, a perfluoro(trimethyl)hexyl group, a 2,2,
3,3-tetrafluorocyclobutyl group, a perfluorocyclohexyl group
and the like. Of these, a hexafluoroisopropyl group, a hep-
tafluoroisopropyl group, a hexafluoro(2-methyl)isopropyl
group, an octafluoroisobutyl group, a nonafluoro-t-butyl
group and a perfluoroisopentyl group are preferred. A
hexafluoroisopropyl group and a heptafluoroisopropyl group
are more preferred.

Specific examples ofthe groups of the general formula (F4)

include —C(CF,),OH, —C(C,F5),OH, —C(CF,)(CF;)OH,
—CH(CF;)OH and the like. —C(CF;),OH is preferred.

The partial structure containing a fluorine atom may be
directly bonded to the principal chain, or may be bonded to
the principal chain through a group selected from the group
consisting of an alkylene group, a phenylene group, an ether
group, a thioether group, a carbonyl group, an ester group, an
amido group, a urethane group and a ureylene group, or
through a group composed of a combination of two or more of
these groups.

As preferred repeating units having a fluorine atom, there
can be mentioned the repeating units represented by the gen-
eral formulae below.
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(C-Ta)

(C-Ib)

(C-Io)

(C-Id)

In the formulae, each of R, and R, independently repre-
sents a hydrogen atom, a fluorine atom or an alkyl group. The
alkyl group is preferably a linear or branched alkyl group
having 1 to 4 carbon atoms, and may have a substituent. As the
substituted alkyl group, there can be mentioned, in particular,
a fluorinated alkyl group.

Each of W5 to W, independently represents an organic
group containing at least one fluorine atom. As such, for
example, there can be mentioned the atomic groups of general
formulae (F2) to (F4) above.

Further, besides these, the resin (C) may have the following
units as the repeating unit containing a fluorine atom.

(C-m
R4y Rg

Rs Ry

(C-TITy

L

W,

In the formulae, each of R, to R, independently represents
ahydrogen atom, a fluorine atom or an alkyl group. The alkyl
group is preferably a linear or branched alkyl group having 1
to 4 carbon atoms, and may have a substituent. As the substi-
tuted alkyl group, there can be mentioned, in particular, a
fluorinated alkyl group.

Atleast one of R, to R, represents a fluorine atom. R, and
Rs, or R and R, may cooperate with each other to thereby
form a ring.

W, represents an organic group containing at least one
fluorine atom. As such, for example, there can be mentioned
the atomic groups of general formulae (F2) to (F4) above.
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L, represents a single bond or a bivalent connecting group.
As the bivalent connecting group, there can be mentioned a
substituted or unsubstituted arylene group, a substituted or
unsubstituted alkylene group, a substituted or unsubstituted
cycloalkylene group, —O—, —SO,—, —CO—, —N(R)—
(in the formula, R is a hydrogen atom or an alkyl group),
—NHSO,— or a bivalent connecting group consisting of a
combination of two or more of these.

Q represents an alicyclic structure. The alicyclic structure
may have a substituent, and may be monocyclic or polycyclic.
The alicyclic structure when being polycyclic may be a
bridged one. The alicyclic structure when being monocyclic
is preferably a cycloalkyl group having 3 to 8 carbon atoms.
As such, there can be mentioned, for example, a cyclopentyl
group, a cyclohexyl group, a cyclobutyl group, a cyclooctyl
group or the like. As the polycyclic one, there can be men-
tioned a group with, for example, a bicyclo, tricyclo or tetra-
cyclo structure having 5 or more carbon atoms. A cycloalkyl
group having 6 to 20 carbon atoms is preferred. As such, there
can be mentioned, for example, an adamantyl group, a nor-
bornyl group, a dicyclopentyl group, a tricyclodecanyl group,
atetracyclododecyl group or the like. The carbon atoms ofthe
cycloalkyl group may be partially replaced with a heteroa-
tom, such as an oxygen atom. A norbornyl group, a tricyclo-
decanyl group and a tetracyclododecyl group are especially
preferred.

Repeating units containing a silicon atom will be described
below.

It is preferred for the repeating unit containing a silicon
atom to have an alkylsilyl structure (preferably a trialkylsilyl
group) or a cyclosiloxane structure as a partial structure hav-
ing a silicon atom.

As the alkylsilyl structure or cyclosiloxane structure, there
can be mentioned, for example, any of the groups of the
following general formulae (CS-1) to (CS-3) or the like.

(CS-1)

(C8-2)

(CS-3)
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In general formulae (CS-1) to (CS-3),

each of R, to R, independently represents a linear or
branched alkyl group (preferably having 1 to 20 carbon
atoms) or a cycloalkyl group (preferably having 3 to 20 car-
bon atoms).

Each of L; to Ly represents a single bond or a bivalent
connecting group. As the bivalent connecting group, there can
be mentioned any one or acombination of two or more groups
selected from the group consisting of an alkylene group, a
phenylene group, an ether group, a thioether group, a carbo-
nyl group, an ester group, an amido group, a urethane group
and a urea group.

In the formulae, n is an integer of 1 to 5. n is preferably an
integer of 2 to 4.

It is preferred for the repeating unit (c1) containing at least
either a fluorine atom or a silicon atom to be a (meth)acrylate
repeating unit.

Particular examples of the repeating unit (cl) will be
shown below, which however in no way limit the scope of the
present invention.

In particular examples, X, represents a hydrogen atom,

—CH,, —F or —CF;, and X, represents —F or —CF.
X, Xy
| |
—tCH,—Cy— —tCH,—Cy—
O)\O O)\O
kCF3 Fgc)\CFg
Xi Xi
| |
—tCH,—Cy— —tCH,—Cy—
(@) (0] (@) (@]
C3Fy
C4Fo
Xy Xl
|
—tCH,—Cy— —tCH,—
0 0 O)\O
CF;
CeFi3
Xl
—tCl,— —tCl,—
O)\O O)\O
CF;
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—CH,—CH3
0

—¢CH,—CH
F. F
F F
F
X2
I
—tCH,—Cr—
(@) O

—¢CH,—

10

-continued

X

—('CHz—Cl‘)—

(6] (6]

Xz

I
—tCH—C5—

O,
e}
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-continued
X X

k(\/\ )
F;C CF3 F;C CF3

11
-continued
Xz
|
—tCH,—C—
(@) (0]
X X

—('CHz—é‘)—

-

—¢CH,—

15
CF;3
9) 0
OH
20 CF;

Q,
>_§:O
O,
e}

I
—tCH—C5— —tCH,

F5C CF3

~

)\ 25 —tCF,
0 (o 0 o
FC
e CF;
OH

FsC CF;

30 F,C OH CFs

35 Xy

40

/t)j:) 45

H;C
F;C CF;
HO CFs
HO OH F5C CF ( _)_

3
CF3 BC g g 3 7 T 7
50 | |
HO OH
CF3 CF; © ©
CF,
X X X
CF, 0
55 O\
o) 0 o) 0 o) 0
Ay 7 Ay 7
F;C——CF; F;C——CF;
AN 60 CF;s CF,
0 0
F5C < o o
HO CF; F,C—+—CF, FC——CF; —CT; >_CF3
OH OH FC
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-continued
X1 X1

I I
—tCH,—Co— —tCH,—CH—

Si

—€CHz—é-)—

-

—¢CH,—

~

—Sj—

Si

/\

—tCH,—CH— —€CH2—TH-)-

—Si—

N
-

Si

‘<

—+CH,—CH —¢CH,—CH-~

—CH,—CH--
CH, I

—Sj—

| —Si—

—(—CHZ—TH—)— —tCH,—C5—

| (6] (6]
(6]

Xi Xi

I I
—tCH,—CH— —tCH,—CH—

(6] (6] (6] (6]

SHEERT
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w
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-continued
1

|
—€CH2—TH+ —CH,—CH— —€CH2—C|H+
CI, >Si\
| fo) 0 @] (0]
—Si— \S/ \S,/
_-Si i
! \ /o
I O~g—°
_Ti_ /' \
—¢CH,—CH
(0]
(@) Si
| ~
(0]
X
Xy
|
—tCH,—Cy—
@) (0]
R
R
\ 7
/81—0781
o7 o7
Si—O—()?i—R (@]
I 0 |
(|) %781—%781\
/Siﬁo—Si/ R
R \R
R =CHs, C,Hs, C3Hy, C4Hy
Xy
|
—tCH,—Cy—
(@) (@]
Si(OSiMes)s

The resin (C) contains at least one group selected from
among the following groups (x) to (z),

(x) an alkali-soluble group,

(y) a group that when acted on by an alkali developer, is
decomposed to thereby increase its solubility in the alkali
developer (hereinafter also referred to as a “polarity conver-
sion group”), and

(z) a group that when acted on by an acid, is decomposed to
thereby increase its solubility in an alkali developer.

Of these, the alkali-soluble group (x) and the polarity con-
version group (y) are preferred, and the polarity conversion
group (y) is more preferred.

As the alkali soluble group (x), there can be mentioned a
phenolic hydroxyl group, a carboxylate group, a fluoroalco-
hol group, a sulfonate group, a sulfonamido group, a sulfo-
nylimido group, an (alkylsulfonyl)(alkylcarbonyl)methylene
group, an (alkylsulfonyl)(alkylcarbonyl)imido group, a bis
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(alkylcarbonyl)methylene group, a bis(alkylcarbonyl)imido
group, a bis(alkylsulfonyl)methylene group, a bis(alkylsulfo-
nyl)imido group, a tris(alkylcarbonyl)methylene group, a tris
(alkylsulfonyl)methylene group or the like.

As preferred alkali soluble groups, there can be mentioned
a fluoroalcohol group (preferably hexafluoroisopropanol), a
sulfonimido group and a bis(carbonyl)methylene group.

The repeating unit containing the alkali-soluble group (x)
can be a repeating unit wherein the alkali-soluble group is
directly bonded to the principal chain of a resin, such as
repeating units of acrylic acid or methacrylic acid, a repeating
unit wherein the alkali-soluble group is bonded via a connect-
ing group to the principal chain of a resin, or the like. Further,
the alkali-soluble group can be introduced in a terminal of a
polymer chain by using a chain transfer agent or polymeriza-
tion initiator containing the alkali-soluble group in the stage
of polymerization. All of these repeating units are preferred.

The content ratio of repeating units having an alkali soluble
group (X) is preferably in the range of 1 to 50 mol %, more
preferably 3 to 35 mol % and still more preferably 5 to 20 mol
% based on all the repeating units of the hydrophobic resin.

Specific examples of the repeating units having an alkali
soluble group (x) will be shown below, which however in no
way limit the scope of the present invention.

In the formulae, Rx represents H, CH;, CF; or CH,OH.

TX TX
—('CHz—T‘)— —tCH,—Cy—
T==O O
OH O
COOH
) I
—tCH—Cy— —tCH—Cr—
| COOH |
C|=O T:o
O\\\\ O\\\\
COOH
—¢CH,—CHy—
COOH
COOH
—¢CH,—CH3— —¢CH, —CH3—
COOH
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SO,NH, F3C$CF3
OH
—CH,—CHy—
CH,
CF;
FsC CF;
OH
OH
CF;s
I I
—('CHZ—T‘)— —tCH,—Cyr—
O=T O=T
[ |
F5C CF; CF3
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FsC CF;
HO OH
CF; FsC
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As the polarity conversion group (y), there can be men-
tioned, for example, a lactone group, a carboxylic ester group
(—COO—), an acid anhydride group (—C(O)OC(O)—), an
acid imido group (—NHCONH—), a carboxylic thioester
group (—COS—), a carbonic ester group (—OC(0)0O—), a
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sulfuric ester group (—OSO,0—), a sulfonic ester group
(—S0,0—) orthelike. Of these, a lactone group is preferred.

The polarity conversion group (y) in its one form is con-
tained in the repeating unit of, for example, an acrylic ester or
a methacrylic ester and thus is introduced in a side chain of a
resin. The polarity conversion group (y) in its another form is
introduced in a terminal of a polymer chain by using a chain
transfer agent or polymerization initiator containing the
polarity conversion group in the stage of polymerization.
Both of these forms are preferred.

As specific examples of the repeating unit (c) having a
polarity conversion group (y), there can be mentioned those
similar to the repeating units having a lactone structure set
forth with respect to after-mentioned resin (A). The content
ratio of the repeating unit (c) is preferably in the range of 1 to
40 mol %, more preferably 3 to 30 mol % and still more
preferably 5 to 15 mol % based on all the repeating units of the
resin (C).

Moreover, it is preferred for the repeating unit (c) contain-
ing the polarity conversion group (y) to a repeating unit con-
taining at least either a fluorine atom or a silicon atom. The
resin in which this repeating unit (c) is introduced is hydro-
phobic. However, this resin is preferred from the viewpoint
of, in particular, suppression of blob defects.

As the repeating unit (c), there can be mentioned, for
example, any of the repeating units of formula (K0) below.

(K0)

9] 0—Rp

In the formula, R, represents a hydrogen atom, a halogen
atom, a hydroxyl group, an alkyl group, a cycloalkyl group, an
aryl group or a group containing a polarity conversion group,
and

R, represents an alkyl group, a cycloalkyl group, an aryl
group or a group containing a polarity conversion group;

provided that at least one of R, and R, is a group contain-
ing a polarity conversion group.

The polarity conversion group, as mentioned above, refers
to a group that when acted on by an alkali developer, is
decomposed to thereby increase its solubility in the alkali
developer. The polarity conversion group is preferably the
group represented by X in the partial structures of general
formula (KA-1) or (KB-1) below.

O

Y'—X—Y

(KA-T)

(KB-1)

In general formula (KA-1) or (KB-1), X represents a car-
boxylic ester group (—COO—), an acid anhydride group
(—C(0)OC(O)—), an acid imido group (—NHCONH—), a
carboxylic thioester group (—COS—), a carbonic ester
group (—OC(0)O—), a sulfuric ester group (—OSO,0—)
or a sulfonic ester group (—SO,0—).

Y! and Y may be identical to or different from each other,
and each thereof represents an electron withdrawing group.
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The repeating unit (c¢) can have a preferred group that
increases its solubility in the alkali developer through the
introduction therein of any of groups with the partial struc-
tures of general formula (KA-1) or (KB-1). When the partial
structures have no bonding hand as in the case of the partial
structures of general formula (KA-1) or the partial structures
of general formula (KB-1) in which Y* and Y? are monova-
lent, the groups with the above partial structures refer to those
containing a monovalent or higher-valent group resulting
from the deletion of at least one arbitrary hydrogen atom from
the partial structures.

The partial structures of general formula (KA-1) or (KB-1)
are linked at an arbitrary position to the principal chain of the
resin (C) via a substituent.

First, the partial structures of general formula (KA-1) will
be described in detail below.

The partial structures of general formula (KA-1) are each
arranged so as to form a ring structure in cooperation with a
group represented by X.

In general formula (KA-1), X is preferably a carboxylic
ester group (namely, in the case of the formation of a lactone
ring structure as KA-1), an acid anhydride group or a carbonic
ester group. More preferably, X is a carboxylic ester group.

A substituent may be introduced in any of the ring struc-
tures of general formula (KA-1). For example, nka substitu-
ents, the substituent referred to as 7, ,,, may be introduced in
any of the ring structures.

Z,..1> or each of a plurality of Z, ;s independently, repre-
sents a halogen atom, an alkyl group, a cycloalkyl group, an
ether group, a hydroxyl group, an amido group, an aryl group,
a lactone ring group or an electron withdrawing group.

7.5 may be linked to each other to thereby form a ring. As
the ring formed by the mutual linkage of Z, ;s, there can be
mentioned, for example, a cycloalkyl ring or a heterocycle
(for example, a cycloether ring or a lactone ring).

The above nka is an integer of O to 10, preferably 0 to 8,
more preferably O to 5, further more preferably 1 to 4 and
most preferably 1 to 3.

The electron withdrawing groups represented by 7, ,, are
the same as those represented by Y and Y to be described
hereinafter. These electron withdrawing groups may be sub-
stituted with other electron withdrawing groups.

7.1 18 preferably an alkyl group, a cycloalkyl group, an
ether group, a hydroxyl group or an electron withdrawing
group. Z,,, is more preferably an alkyl group, a cycloalkyl
group or an electron withdrawing group. It is preferred for the
ether group to be one substituted with, for example, an alkyl
group or a cycloalkyl group, namely, to be an alkyl ether
group or the like. The electron withdrawing group is the same
as the above-mentioned electron withdrawing group.

As the halogen atom represented by Z,,,, there can be
mentioned a fluorine atom, a chlorine atom, a bromine atom,
an iodine atom or the like. Among these, a fluorine atom is
preferred.

The alkyl group represented by Z,,, may contain a sub-
stituent, and may be linear or branched. The linear alkyl group
preferably has 1 to 30 carbon atoms, more preferably 1 to 20
carbon atoms. As the linear alkyl group, there can be men-
tioned, for example, a methyl group, an ethyl group, an n-pro-
pyl group, an n-butyl group, a sec-butyl group, a t-butyl
group, an n-pentyl group, an n-hexyl group, an n-heptyl
group, an n-octyl group, an n-nonyl group, an n-decanyl
group or the like. The branched alkyl group preferably has 3
to 30 carbon atoms, more preferably 3 to 20 carbon atoms. As
the branched alkyl group, there can be mentioned, for
example, an i-propyl group, an i-butyl group, a t-butyl group,
ani-pentyl group, at-pentyl group, an i-hexyl group, a t-hexyl
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group, an i-heptyl group, a t-heptyl group, an i-octyl group, a
t-octyl group, an i-nonyl group, a t-decanyl group or the like.
It is preferred for the alkyl group represented by 7., to be one
having 1 to 4 carbon atoms, such as a methyl group, an ethyl
group, an n-propyl group, an i-propyl group, an n-butyl
group, an i-butyl group or a t-butyl group.

The cycloalkyl group represented by Z, ,, may contain a
substituent and may be monocyclic or polycyclic. When poly-
cyclic, the cycloalkyl group may be a bridged one. Namely, in
that case, the cycloalkyl group may have a bridged structure.
The monocycloalkyl group is preferably one having 3 to 8
carbon atoms. As such a cycloalkyl group, there can be men-
tioned, for example, a cyclopropyl group, a cyclopentyl
group, a cyclohexyl group, a cyclobutyl group, a cyclooctyl
group or the like. As the polycycloalkyl group, there can be
mentioned a group with, for example, a bicyclo, tricyclo or
tetracyclo structure having 5 or more carbon atoms. This
polycycloalkyl group is preferably one having 6 to 20 carbon
atoms. As such, there can be mentioned, for example, an
adamantyl group, a norbornyl group, an isobornyl group, a
camphonyl group, a bicyclopentyl group, an a-pinel group, a
tricyclodecanyl group, a tetracyclododecyl group, an
androstanyl group, the following structures or the like. The
carbon atoms of each of the cycloalkyl groups may be par-
tially replaced with a heteroatom, such as an oxygen atom.
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As preferred alicyclic moieties among the above, there can
be mentioned an adamantyl group, a noradamantyl group, a
decalin group, a tricyclodecanyl group, a tetracyclododecanyl
group, a norbornyl group, a cedrol group, a cyclohexyl group,
a cycloheptyl group, a cyclooctyl group, a cyclodecanyl
group and a cyclododecanyl group. As more preferred alicy-
clic moieties, there can be mentioned an adamantyl group, a
decalin group, a norbornyl group, a cedrol group, a cyclo-
hexyl group, a cycloheptyl group, a cyclooctyl group, acyclo-
decanyl group, a cyclododecanyl group and a tricyclodecanyl
group.

As a substituent that can be introduced in these alicyclic
structures, there can be mentioned an alkyl group, a halogen
atom, a hydroxyl group, an alkoxy group, a carboxyl group or
an alkoxycarbonyl group. The alkyl group is preferably a
lower alkyl group, such as a methyl group, an ethyl group, a
propyl group, an isopropyl group or a butyl group. More
preferably, the alkyl group is a methyl group, an ethyl group,
a propyl group or an isopropyl group. As preferred alkoxy
groups, there can be mentioned those each having 1 to 4
carbon atoms, such as a methoxy group, an ethoxy group, a
propoxy group and a butoxy group. As a substituent that may
be introduced in these alkyl and alkoxy groups, there can be
mentioned a hydroxyl group, a halogen atom, an alkoxy
group (preferably having 1 to 4 carbon atoms) or the like.

The above groups may further have a substituent. As fur-
ther substituents that may be introduced in the above groups,
there can be mentioned a hydroxyl group; a halogen atom
(fluorine, chlorine, bromine or iodine); a nitro group; a cyano
group; the above alkyl groups; an alkoxy group, such as a
methoxy group, an ethoxy group, a hydroxyethoxy group, a
propoxy group, a hydroxypropoxy group, an n-butoxy group,
an isobutoxy group, a sec-butoxy group or a t-butoxy group;
an alkoxycarbonyl group, such as a methoxycarbonyl group
or an ethoxycarbonyl group; an aralkyl group, such as a
benzyl group, a phenethyl group or a cumyl group; an aralky-
loxy group; an acyl group, such as a formyl group, an acetyl



US 9,152,048 B2

25

group, a butyryl group, a benzoyl group, a cyanamyl group or
a valeryl group; an acyloxy group, such as a butyryloxy
group; the above alkenyl groups; an alkenyloxy group, such
as a vinyloxy group, a propenyloxy group, an allyloxy group
or a butenyloxy group; the above aryl groups; an aryloxy
group, such as a phenoxy group; an aryloxycarbonyl group,
such as a benzoyloxy group; and the like.

Preferably, X of general formula (KA-1) represents a car-
boxylic ester group and the partial structures of general for-
mula (KA-1) are lactone rings. A 5- to 7-membered lactone
ring is preferred.

Further, as shown in formulae (KA-1-1) to (KA-1-17)
below, each of 5- to 7-membered lactone rings as the partial
structures of general formula (KA-1) is preferably condensed
with another ring structure in such a fashion that a bicyclo
structure or a spiro structure is formed.

The adjacent ring structures to which the ring structures of
general formula (KA-1) may be bonded can be, for example,
those shown in formulae (KA-1-1) to (KA-1-17) below, or
those similar to the same.

It is preferred for the structures containing a lactone ring
structure of general formula (KA-1) to be those of any of
formulae (KA-1-1) to (KA-1-17) below. The lactone struc-
tures may be directly bonded to the principal chain. As pre-
ferred structures, there can be mentioned those of formulae
(KA-1-1), (KA-1-4), (KA-1-5), (KA-1-6), (KA-1-13), (KA-
1-14) and (KA-1-17).
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It is optional for the above structures containing a lactone
ring structure to contain or not to contain a substituent. Pre-
ferred substituents are the same as those represented by 7,
that may be introduced in the ring structures of general for-
mula (KA-1) above.

Now, the partial structure of general formula (KB-1) will
be described in detail.

In general formula (KB-1), X is preferably a carboxylic
ester group (—COO—).

In general formula (KB-1), each of Y' and Y? indepen-
dently represents an electron withdrawing group.

Each of the electron withdrawing groups is the partial
structures of formula (EW) below. In formula (EW), * repre-
sents either a bonding hand directly bonded to the structures
of general formula (KA-1) or a bonding hand directly bonded
to X of general formula (KB-1).

EW)

Informula (EW), n_,, is the number of repetitions of each of
the connecting groups of the formula —C(R,,,, (R,,.>)—;
being an integer of 0 or 1. When n,,, is 0, a single bond is
represented, indicating the direct bonding ofY,,,

Y., can be any of a halogen atom, a cyano group, a nitrile
group, a nitro group, any of the halo(cyclo)alkyl groups or
haloaryl groups of the formula —C(Rq)(Rs)—R 3, an oxy
group, a carbonyl group, a sulfonyl group, a sulfinyl group
and a combination thereof. The electron withdrawing groups
may have, for example, the following structures. Herein, the
“halo(cyclo)alkyl group” refers to an at least partially halo-
genated alkyl group or cycloalkyl group, and the “haloaryl
group” refers to an at least partially halogenated aryl group. In
the following structures, eachofR,, ; and R, independently
represents an arbitrary structure. Regardless of the types of
the structures of R, ; and R, ,, the partial structures of for-
mula (EW) exhibit electron withdrawing properties, and may
be linked to, for example, the principal chain of the resin.
Preferably, each of R,,,; and R,,, is an alkyl group, a
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cycloalkyl group or a fluoroalkyl group.
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WhenY,,, is abivalent or higher-valent group, the remain-
ing bonding hand or hands form a bond with an arbitrary atom
or substituent. At least any of the groups represented by Y, .,
R, and R, , may be linked via a further substituent to the
principal chain of the resin (C).

Y,,,; is preferably ahalogen atom or any of the halo(cyclo)
alkyl groups or haloaryl groups of the formula —C(R,)

Rp)—R5

féach of R,,; and R, , independently represents an arbi-
trary substituent, for example, a hydrogen atom, an alkyl
group, a cycloalkyl group or an aryl group.

Atleasttwo of R, R, ,andY,, ; may be linked to each
other to thereby form a ring.

In the above formula, R, represents a halogen atom, a
perhaloalkyl group, a perhalocycloalkyl group or a perha-
loaryl group. R, is preferably a fluorine atom, a perfluoro-
alkyl group or a perfluorocycloalkyl group, more preferably a
fluorine atom or a trifluoromethyl group.

Bach of R, and R; independently represents a hydrogen
atom, a halogen atom or an organic group. R, and R 5 may be
linked to each other to thereby form a ring. As the organic
group, there can be mentioned, for example, an alkyl group, a
cycloalkyl group, an alkoxy group or the like. It is preferred
for R, to represent the same groups as by R, or to be linked
to Ry to thereby form a ring.

R, to R3 may be linked to each other to thereby form a
ring. As the formed ring, there can be mentioned a (halo)
cycloalkyl ring, a (halo)aryl ring or the like.

ewl
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As the (halo)alkyl groups represented by R, to R, there
can be mentioned, for example, the alkyl groups mentioned
above as being represented by Z,,, and structures resulting
from halogenation thereof.

As the (per)halocycloalkyl groups and (per)haloaryl
groups represented by R, to Ry or contained in the ring
formed by the mutual linkage of Ry, and Ry, there can be
mentioned, for example, structures resulting from halogena-
tion of the cycloalkyl groups as mentioned above with respect
to Z,,,, preferably fluorocycloalkyl groups of the formula
—CyF .yl and perfluoroaryl groups of the formula
—CgpF i1y The number of carbon atoms, n, is not particu-
larly limited. Preferably, it is in the range of 5 to 13, more
preferably 6.

As preferred rings that may be formed by the mutual link-
age of at least two of R,,,;, R,,, and Y, there can be
mentioned cycloalkyl groups and heterocyclic groups. Pre-
ferred heterocyclic groups are lactone ring groups. As the
lactone rings, there can be mentioned, for example, the struc-
tures of formulae (KA-1-1) to (KA-1-17) above.

The repeating unit (c) may contain two or more of the
partial structures of general formula (KA-1), or two or more
of the partial structures of general formula (KB-1), or both
any one of the partial structures of general formula (KA-1)
and any one of the partial structures of general formula (KB-
D).

A part or the whole of any of the partial structures of
general formula (KA-1) may double as the electron with-
drawing group represented by Y or Y* of general formula
(KB-1). For example, when X of general formula (KA-1)isa
carboxylic ester, the carboxylic ester can function as the
electron withdrawing group represented by Y* or Y2 of gen-
eral formula (KB-1).

The repeating unit (c) may be a repeating unit (c') simul-
taneously containing on a side chain thereof at least either a
fluorine atom or a silicon atom and a polarity conversion
group, or a repeating unit (c*) containing a polarity conver-
sion group but containing neither a fluorine atom nor a silicon
atom, or a repeating unit (c") in which a polarity conversion
group is introduced in its one side chain while at least either
a fluorine atom or a silicon atom is introduced in a side chain
other than the above side chain within the same repeating unit.
However, it is preferred for the resin (C) to contain the repeat-
ing unit (c') as the repeating unit (c).

When the resin (C) contains the repeating unit (c*), it is
preferred for the resin (C) to be a copolymer with a repeating
unit (above-mentioned repeating unit (c1)) containing at least
either a fluorine atom or a silicon atom. In the repeating unit
(c"), it is preferred for the side chain containing a polarity
conversion group and the side chain containing at least either
a fluorine atom or a silicon atom to be bonded to the same
carbon atom of the principal chain, namely to be in a posi-
tional relationship shown in formula (K1) below.

ewl?
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B2

In the formula, B1 represents a partial structure containing
a group whose solubility is increased in an alkali developer,
and B2 represents a partial structure containing at least either
a fluorine atom or a silicon atom.

15

25

35

40

45

55

60

30

Intherepeating unit (c*) and repeating unit (c"), itis highly
preferred for the polarity conversion group to be a partial
structure represented by —COO— in the structure of general
formula (KA-1).

The receding contact angle with water of the film of the
resin composition after alkali development can be decreased
by the decomposition of the polarity conversion group under
the action of an alkali developer and according attainment of
polarity conversion. Decreasing the receding contact angle
with water of the film after alkali development is preferred
from the viewpoint of suppression of development defects.

The receding contact angle between the film after alkali
development and water is preferably 50° or less, more pref-
erably 40° or less, further more preferably 35° or less and
most preferably 30° or less at 23+£3° C. in a humidity of
45+5%.

The receding contact angle refers to a contact angle deter-
mined when the contact line at a droplet-substrate interface
draws back. It is generally known that the receding contact
angle is useful in the simulation of droplet mobility in a
dynamic condition. In brief, the receding contact angle can be
defined as the contact angle exhibited at the recession of the
droplet interface at the time of, after application of a droplet
discharged from a needle tip onto a substrate, re-indrawing
the droplet into the needle. Generally, the receding contact
angle can be measured according to amethod of contact angle
measurement known as the dilation/contraction method.

The above receding contact angle of the film after alkali
development refers to the contact angle of the following film
measured in accordance with the dilation/contraction method
mentioned in the Examples to be described hereinbelow. The
film was formed as follows. An organic antireflection film
ARC29A (produced by Nissan Chemical Industries, [.td.)
was applied onto a silicon wafer (8-inch caliber) and baked at
205° C. for 60 seconds, thereby forming a 98 nm-thick anti-
reflection film. Each ofthe compositions of the present inven-
tion was applied thereonto and baked at 120° C. for 60 sec-
onds, thereby forming a 120 nm-thick film. The film was
developed with an aqueous solution of tetramethylammo-
nium hydroxide (2.38 mass %) for 30 seconds, rinsed with
pure water and spin dried. The receding contact angle of the
thus obtained film was measured in accordance with the dila-
tion/contraction method.

The rate of hydrolysis of the hydrophobic resin in an alkali
developer is preferably 0.001 nm/sec or greater, more prefer-
ably 0.01 nm/sec or greater, further more preferably 0.1
nm/sec or greater and most preferably 1 nm/sec or greater.

Herein, the rate of hydrolysis of the hydrophobic resin in an
alkali developer refers to the rate of decrease of the thickness
of a film formed from the hydrophobic resin only in 23° C.
TMAH (a 2.38 mass % aqueous tetramethylammonium
hydroxide solution).

Preferably, the resin (C) in the present invention contains
the repeating unit (c) containing at least two polarity conver-
sion groups and also contains at least either a fluorine atom or
a silicon atom.

When the repeating unit (¢) contains at least two polarity
conversion groups, it is preferred for the repeating unit to
contain a group with any of the partial structures having two
polarity conversion groups of general formula (KY-1) below.
When any of the structures of general formula (KY-1) has no
bonding hand, it is a group with a mono- or higher-valent
group resulting from the removal of at least any one of the
hydrogen atoms contained in the structure.
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(KY-1)
Ripa
O O
Ryyz ~ Rys
Ry
(6]
In general formula (KY-1),

eachof R, , and R, , independently represents a hydrogen
atom, a halogen atom, an alkyl group, cycloalkyl group, a
carbonyl group, a carbonyloxy group, an oxycarbonyl group,
an ether group, a hydroxyl group, a cyano group, an amido
group or an aryl group. Alternatively, both R, , and R, may
be bonded to the same atom to thereby form a double bond.
For example, both R, and R, , may be bonded to the same
oxygen atom to thereby form a part (—O) of a carbonyl
group.

Bachof R, ; and R, ; independently represents an electron
withdrawing group. Alternatively, R, , and R, , are linked to
each other to thereby form a lactone structure, while R, 5 is an
electron withdrawing group. The formed lactone structure is
preferably any of the above-mentioned structures (KA-1-1)to
(KA-1-17). As the electron withdrawing group, there can be
mentioned any of the same groups as mentioned above with
respect to Y' and Y* of general formula (KB-1). This electron
withdrawing group is preferably a halogen atom, or any of the
halo(cyclo)alkyl groups or haloaryl groups of the formula
—C(R)Ry)—R. Preferably, Ry 5 is a halogen atom, or
any of the halo(cyclo)alkyl groups or haloaryl groups of the
formula —C(R,)(R,)—R, while R, is either linked to
R;,, to thereby form a lactone ring, or an electron withdraw-
ing group containing no halogen atom.

Rypis Ryyp and .Rky4 may be li.nked to each other to thereby
form a monocyclic or polycyclic structure.

AsRy,, and Ry, there can be mentioned, for example, the
same groups as set forth above with respect to Z, ,; of general
formula (KA-1).

The lactone rings formed by the mutual linkage of R;,, and
R, preferably have the structures of formulae (KA-1-1) to
(KA-1-17) above. As the electron withdrawing groups, there
can be mentioned those mentioned above as being repre-
sented by Y* and Y of general formula (KB-1).

It is more preferred for the structures of general formula
(KY-1) to be the structures of general formula (KY-2) below.
Each of the structures of general formula (KY-2) is a group
with a mono- or higher-valent group resulting from the
removal of at least any one of the hydrogen atoms contained
in the structure.

(KY-2)
R
Rky9 ky8
Rky7
Riyto
Riye
O.
COO—Rys
(6]
In formula (KY-2),

each of Ry s to R, ,, independently represents a hydrogen
atom, a halogen atom, an alkyl group, a cycloalkyl group, a
carbonyl group, a carbonyloxy group, an oxycarbonyl group,
an ether group, a hydroxyl group, a cyano group, an amido
group or an aryl group.
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Atleast two of R, to R, may be linked to each other to
thereby form a monocyclic or polycyclic ring.

R,, s represents an electron withdrawing group. As the elec-
tron withdrawing group, there can be mentioned any of the
same groups as set forth above with respect toY* and Y. This
electron withdrawing group is preferably a halogen atom, or
any of the halo(cyclo)alkyl groups or haloaryl groups of the
formula —C(R)(Rp)—Rp.

As Ry s to Ry, o, there can be mentioned, for example, the
same groups as set forth above with respect to Z, ,; of general
formula (KA-1).

It is more preferred for the structures of general formula
(KY-2) to be the partial structures of general formula (KY-3)
below.

(KY-3)
Ly

\>\/ (Zra)nka

COO—Rys

6}

In general formula (KY-3),

7., and nka are as defined above in connection with gen-
eral formula (KA-1). R is as defined above in connection
with general formula (KY-2).

L,, represents an alkylene group, an oxygen atom or a
sulfur atom. As the alkylene group represented by L,,, there
can be mentioned a methylene group, an ethylene group or the
like. L;,, is preferably an oxygen atom or a methylene group,
more preferably a methylene group.

The repeating units (c) are not limited as long as they are
derived by polymerization, such as addition polymerization,
condensation polymerization or addition condensation. Pre-
ferred repeating units are those obtained by the addition poly-
merization ofa carbon to carbon double bond. As such repeat-
ing units, there can be mentioned, for example, acrylate
repeating units (including the family having a substituent at
the a- and/or -position), styrene repeating units (including
the family having a substituent at the a- and/or f-position),
vinyl ether repeating units, norbornene repeating units,
repeating units of maleic acid derivatives (maleic anhydride,
its derivatives, maleimide, etc.) and the like. Ofthese, acrylate
repeating units, styrene repeating units, vinyl ether repeating
units and norbornene repeating units are preferred. Acrylate
repeating units, vinyl ether repeating units and norbornene
repeating units are more preferred. Acrylate repeating units
are most preferred.

The repeating unit (¢) can be any of the repeating units with
the following partial structures.

(ce)

*_622_021;)\\

]
Lo~ Ty e

O
(L),—Te

In general formula (cc),

Z,, or each of Z s independently, represents a single bond,
an ether bond, an ester bond, an amido bond, a urethane bond
or a urea bond. An ester bond is preferred.
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Z,, or each of Z,s independently, represents a chain- or
cycloalkylene group. An alkylene group having 1 or 2 carbon
atoms and a cycloalkylene group having 5 to 10 carbon atoms
are preferred.

Ta, or each of Tas independently, represents an alkyl group,
a cycloalkyl group, an alkoxy group, a nitrile group, a
hydroxyl group, an amido group, an aryl group or an electron
withdrawing group (having the same meaning as that of the
electron withdrawing group represented by Y* or Y2 of gen-
eral formula (KB-1)). An alkyl group, a cycloalkyl group and
an electron withdrawing group are preferred. An electron
withdrawing group is more preferred. Two or more Tas may
be bonded to each other to thereby form a ring.

L, represents a single bond or a hydrocarbon group with a
valence of m+1 (preferably having 20 or less carbon atoms).
A single bond is preferred. L is a single bond when m is 1.
The hydrocarbon group with a valence of m+1 represented by
L, is, for example, one resulting from the removal of any m-1
hydrogen atoms from an alkylene group, a cycloalkylene
group, a phenylene group or a combination thereof.

L, or each of Ls independently, represents a carbonyl
group, a carbonyloxy group or an ether group.

Tc represents a hydrogen atom, an alkyl group, a
cycloalkyl group, a nitrile group, a hydroxyl group, an amido
group, an aryl group or an electron withdrawing group (hav-
ing the same meaning as that of the electron withdrawing
group represented by Y or Y of general formula (KB-1)).

In the formula, * represents the bonding hand to the prin-
cipal chain or a side chain of the resin. Specifically, any of the
partial structures of formula (cc) may be directly bonded to
the principal chain, or may be bonded to a side chain of the
resin.

In the general formula,

m is an integer of 1 to 28, preferably an integer of 1 to 3,
more preferably 1;

k is an integer of 0 to 2, preferably 1;

q is an integer of 0 to 5, preferably 1 or 2; and

ris an integer of 0 to 5.

The moiety -(L)r-Tc may be replaced with -L,-(Ta)m.

It is also preferred to contain a fluorine atom at an end of a
sugar lactone and further contain a fluorine atom on a side
chain different from the side chain on the side of the sugar
lactone within the same repeating unit (repeating unit (c")).

As particular structures of the repeating units (c), the
repeating units with the following partial structures are pre-
ferred.

(ca-2)
O,
—-7,—7 0 T
—(_ 2 }}iﬁ /( a)m
0 O O
)n
(cb-2)
O Te
—7,—7 o ./
‘f 2 ;)\\/ i 7 @,
(Tbyp
0 0 0 \ //
In general formulae (ca-2) and (cb-2),

n is an integer of 0 to 11; and
p is an integer of 0 to 5.
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Tb, or each of Ths independently, represents an alkyl
group, a cycloalkyl group, an alkoxy group, a nitrile group, a
hydroxyl group, an amido group, an aryl group or an electron
withdrawing group (having the same meaning as that of the
electron withdrawing group represented by Y* or Y of gen-
eral formula (KB-1)). When a plurality of Tb’s are contained,
they may be bonded to each other to thereby form a ring.

Z,,7,,Ta, Tc, L, * m, q and r are as defined above in
connection with general formula (cc), and preferred examples
thereof are also as set forth there.

General formula (¢) in its one form expresses the repeating
units containing the partial structures of general formula (K'Y-
4) below.

(KY-4)
i Rq)
*—ERy—Z 5~ L/
\Z
a\(R3)o
(6]
(6]
In general formula (KY-4),

R, represents a chain- or cycloalkylene group, provided
that two or more R, may be identical to or different from each
other.

R; represents a linear, branched or cyclic hydrocarbon
group whose hydrogen atoms on constituent carbons are par-
tially or entirely substituted with fluorine atoms.

R, represents a halogen atom, a cyano group, a hydroxyl
group, an amido group, an alkyl group, a cycloalkyl group, an
alkoxy group, a phenyl group, an acyl group, an alkoxycar-
bonyl group or any of the groups of formula R—C(—0O)—or
R—C(—0)O— in which R is an alkyl group or a cycloalkyl
group. Two or more R, may be identical to or different from
each other, and may be bonded to each other to thereby form
aring.

X represents an alkylene group, an oxygen atom or a sulfur
atom.

Each of Z and Za independently represents a single bond,
an ether bond, an ester bond, an amido bond, a urethane bond
or a urea bond. When there are a plurality of Zs or Zas, they
may be identical to or different from each other.

In the formula, * represents the bonding hand to the prin-
cipal chain or side chain of the resin;

O is the number of substituents, being an integer of 1 to 7;

m is the number of substituents, being an integer of 0 to 7;
and

n is the number of repetitions, being an integer of O to 5.

The structure —R,—Z— is preferably any of the struc-
tures of formula—(CH,),—COO— in which1is an integer of
1to5.

The repeating units having any of the partial structures of
general formula (KY-5) are more preferred.

(KY-5)

X
L / Ra)m

*—ERy—Z5-

COO—R;
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In general formula (KY-5),

R, represents a chain- or cycloalkylene group, provided
that two or more R,  may be identical to or different from each
other.

R, represents a linear, branched or cyclic hydrocarbon
group whose hydrogen atoms on constituent carbons are par-
tially or entirely substituted with fluorine atoms.

R, represents a halogen atom, a cyano group, a hydroxyl
group, an amido group, an alkyl group, a cycloalkyl group, an
alkoxy group, a phenyl group, an acyl group, an alkoxycar-
bonyl group or any of the groups of formula R—C(—0O)—or
R—C(—0)O— in which R is an alkyl group or a cycloalkyl
group. Two or more R, may be identical to or different from
each other, and may be bonded to each other to thereby form
aring.

X represents an alkylene group, an oxygen atom or a sulfur
atom.

Z represents a single bond, an ether bond, an ester bond, an
amido bond, a urethane bond or a urea bond. When there are
a plurality of Zs, they may be identical to or different from
each other.

In the formula, * represents the bonding hand to the prin-
cipal chain of side chain of the resin;

nis the number of repetitions, being an integer of 0 to 5; and

m is the number of substituents, being an integer of 0 to 7.

It is preferred for the structures of the formula —R,—7—
to be those of the formula —(CH,),—COO— in which1is an
integer of 1 to 5.

As particular structures of the repeating units (c), there can
be mentioned the repeating units with the following partial
structures.

(f-1)

X—A—0—C—X

(f-2)

X—A—C—0—X

In general formulae (rf-1) and (rf-2),

X' represents an electron withdrawing substituent, prefer-
ably a carbonyloxy group, an oxycarbonyl group, an alkylene
group substituted with a fluorine atom or a cycloalkylene
group substituted with a fluorine atom.

A represents a single bond or a bivalent connecting group,
preferably a single bond, an alkylene group optionally sub-
stituted with a fluorine atom or a cycloalkylene group option-
ally substituted with a fluorine atom.

X represents an electron withdrawing group, preferably a
fluoroalkyl group, a fluorocycloalkyl group, an aryl group
substituted with fluorine or a fluoroalkyl group, or an aralkyl
group substituted with fluorine or a fluoroalkyl group.

* represents a bonding hand to the principal chain or a side
chain of a resin, namely, a bonding hand bonded to the prin-
cipal chain of a resin through a single bond or a connecting
group,

provided that when X' is a carbonyloxy group or an oxy-
carbonyl group, A is not a single bond.

As the partial structure containing a fluorine atom within
the repeating unit (c), there can be mentioned those as set
forth hereinbefore, preferably the groups of general formulae
(F2) to (F4) above.
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As the partial structure containing a silicon atom within the
repeating unit (c), there can be mentioned those as set forth
hereinbefore, preferably the groups of general formulae (CS-
1) to (CS-3) above.

The content of the repeating unit (c), based on all the
repeating units of the resin (C), is preferably in the range of 10
to 100 mol %, more preferably 20 to 100 mol %, further more
preferably 30 to 100 mol % and most preferably 40 to 100 mol
%.

Specific examples of the repeating units (c) containing
polarity conversion groups will be shown below, which in no
way limit the scope of the appropriate repeating units.

In the following specific examples, Ra represents a hydro-
gen atom, a fluorine atom, a methyl group or a trifluoromethyl

group.
Ra
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As the repeating unit having a group (z) that is decomposed
by the action of an acid in the resin (C), there can be men-
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tioned those similar to the repeating units having an acid
decomposable group set forth with respect to after-mentioned
resin (A).

The content of the repeating unit having a group (z) that is
decomposed by the action ofan acid in the resin (C), based on
all the repeating units of the resin (C), is preferably in the
range of 1 to 80 mol %, more preferably 10 to 80 mol % and
further more preferably 20 to 60 mol %.

The resin (C) may further contain any of the repeating units
of the general formula (III), below.

(1)

In general formula (III),

R_s; represents a hydrogen atom, an alkyl group, an alkyl
group substituted with a fluorine atom, a cyano group or
—CH,—0-Rac, group, wherein Rac, represents a hydrogen
atom, an alkyl group or an acyl group. R 5, is preferably a
hydrogen atom, a methyl group, a hydroxymethyl group or a
trifluoromethyl group, especially preferably a hydrogen atom
or a methyl group.

R_;, represents a group having any of an alkyl group, a
cycloalkyl group, an alkenyl group, a cycloalkenyl group and
an aryl group. These groups may optionally be substituted
with a fluorine atom or a silicon atom.

L_; represents a single bond or a bivalent connecting group.

In general formula (III), the alkyl group represented by
R_;, is preferably a linear or branched alkyl group having 3 to
20 carbon atoms.

The cycloalkyl group is preferably a cycloalkyl group hav-
ing 3 to 20 carbon atoms.

The alkenyl group is preferably an alkenyl group having 3
to 20 carbon atoms.

The cycloalkenyl group is preferably a cycloalkenyl group
having 3 to 20 carbon atoms.

The aryl group is preferably an aryl group having 6 to 20
carbon atoms. As such, there can be mentioned a phenyl
group or a naphthyl group. The aryl group may have a sub-
stituent.

Preferably, R, represents an unsubstituted alkyl group or
an alkyl group substituted with a fluorine atom.

The bivalent connecting group represented by L _; is pref-
erably an alkylene group (preferably having 1 to 5 carbon
atoms), an oxy group, a phenylene group or an ester bond
(group of the formula —COO—).

Further, the resin (C) may preferably have any of the
repeating units of general formula (CII-AB), below.

(CII-AB)
e

Rewr Rer

In general formula (CII-AB),
each of R, ;. and R_,,. independently represents a hydro-
gen atom, a cyano group, a halogen atom or an alkyl group.
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Zc' represents an atomic group for forming an alicyclic
structure which contains two bonded carbon atoms (C—C).
Specific examples of the repeating units of general formu-
lae (IIT) and (CII-AB) will be shown below, which however in

no way limit the scope of the present invention. In the formu-
lae, Ra represents H, CH,, CH,OH, CF; or CN.

Ra Ra Ra
Ra Ra Ra
O (0] /oﬁ/j/() /f(j/i/o
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Ra Ra
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kCF2
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Ra Ra

Ra

F, %\CR 8

Ra

The resin (C) is a polymer comprising three or more poly-
mer chains combined together through at least one branch
point, namely, a branched polymer. Herein, the polymer chain
refers to one comprising a plurality of repeating units.

The resin (C) being a branched polymer is different in the
structure from conventional linear polymers each consisting
only of a single polymer chain. With respect to the branched
polymer, reference can be made to “Nanotechnology of
branched polymer” edited and written by Koji Ishizu, Chap-
ters 1, 6 and 7 (IPC Publishing) and “Graduate course: poly-
mer chemistry” edited by Takuhei Nose, Seiichi Nakahama
and Seizo Miyata, p. 39 (Kodansha Ltd.). It is known that as
branched polymers generally have properties attributed to a
branch (axis division) structure, they are markedly different
in the solution and solid properties from ordinary linear poly-
mers.

As the branched polymer employed as resin (C), there can
be mentioned, for example, a comb polymer, a star polymer or
a hyperbranched polymer. The resin (C) is preferably a comb
polymer or a star polymer, more preferably a star polymer.

The comb polymer refers to a branched polymer compris-
ing a stem with a multiplicity of branches arranged at equal
intervals. Among the comb polymers, one in which the con-
figuration or arrangement of the side chain (branch) is difter-
ent from that of the main chain (stem) is called a graft poly-
mer. The star polymer refers to a branched polymer
comprising a nucleus of atom or atomic group and, radially
extending therefrom, three or more branch chains.

As the method for ascertaining whether or not there is a
branch chain of the above branched polymer, there can be
mentioned the method by gel permeation chromatography
(GPC)-light scattering measurement. Namely, first, the GPC/
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MALLS (multiangle light scattering) measurement of a sub-
ject polymer is carried out. At each of the elution positions,
<R?>'"2 (square root of square mean of radius R) is deter-
mined from the slope of scattered light intensity. The weight
average molecular weight Mw thereof is determined from the
intercept of scattered light intensity. The logarithms of Mw
and <R*>'2 are plotted, and the slope o. of the plot is calcu-
lated by the method of least squares. For example, the slope
a-of a certain polymer X is compared with the slope o, of a
linear polymer whose monomer species are the same as those
of'the polymer X and whose copolymerization composition is
similar to that of the polymer X (for example, the error of
copolymerization composition is within 10%, namely, the
difference between the contents (mol %) of identical repeat-
ing units contained in the greatest amount in two types of
polymers is within 10 mol %). The following evaluation is
made on the basis of the ratio of a/a,. When a/a,>1, a
branch chain is present in the polymer X. The greater than 1
the value of the ratio of o/, the greater the proportion of
branch in the molecule of the polymer X. When a/a<1, the
polymer X does not contain any branch chain. When o, refers
to the slope obtained by the above plot with respect to the
branched polymer according to the present invention, the
ratio of o/, is preferably 1.02 or higher, more preferably
1.03 or higher, further more preferably 1.04 or higher and
most preferably 1.05 or higher.

The polymer chains as constituents of the above branched
polymers (not limited to the stem portion or branch portion)
can be polymerized by conventional techniques (chain poly-
merization, such as radical polymerization, cation polymer-
ization, anion polymerization, living radical polymerization,
living cation polymerization or living anion polymerization,
or condensation polymerization). Chain polymerization is
preferred. Namely, it is preferred for the polymer chains as
constituents of the above branched polymers to be composed
of vinyl repeating units. Among the chain polymerizations,
radical polymerization and living radical polymerization pro-
vide especially preferred polymerization methods.

The methods of synthesizing branched polymers will be
described below.

The method of synthesizing a comb polymer (C1) is not
limited as long as the polymer with the structure conforming
to the above definition of the comb polymer can be synthe-
sized. For example, there can be mentioned a method in
which polymerization initiation points are generated on a
stem polymer by some means and a stem monomer is poly-
merized therefrom to thereby form branches, or a method in
which an active polymer, such as a living polymer, is caused
to react with a stem polymer, or a method in which a polymer
(macromonomer) having a polymerizable functional group at
its terminal is polymerized. Among these synthetic methods,
the macromonomer method is preferred. With respect to the
synthesis of a macromonomer and the synthesis of a polymer
therefrom, reference can be made to “Chemistry of mac-
romonomer and its industry” edited and written by Yuya
Yamashita, Chapters 2 and 3 (IPC Publishing).

The synthesis of a star polymer (C2) can be accomplished
by various methods. For example, it is appropriate to employ
amethod in which a monomer for the formation of a structural
unit of star-shaped branched polymer, preferably a monomer
containing (meth)acrylic ester to be described hereinbelow, is
polymerized in the presence of a polyfunctional chain trans-
fer agent of tri- or higher-functionality, preferably a mercap-
tan compound of tri- or higher-functionality. Namely, a
method in which the radical polymerization of a mixture of
monomers as mentioned above is performed using a polymer-
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ization initiator in the presence of a mercaptan compound of
tri- or higher-functionality is preferred from the viewpoint of
favorable chain transfer.

When the resin (C) is a star polymer (C2), it is preferred for
the mercaptan compound for use in the production thereof to
be any of the compounds with the structures of general for-
mula (Ia) below.

(a)
J—X—SH),

In general formula (Ia),

J represents an n-valent hydrocarbon group optionally con-
taining a substituent and/or a heteroatom.

X represents a single bond or a bivalent connecting group,
and

n is an integer of 3 or greater.

As the n-valent hydrocarbon group optionally containing a
substituent and/or a heteroatom, represented by J, there can
be mentioned a linear or branched alkyl group, a cycloalkyl
group, an aryl group, an aralkyl group, an alkoxyalkyl group
or the like.

The linear or branched alkyl group is preferably a linear or
branched alkyl group having 1 to 20 carbon atoms. As such,
there can be mentioned, for example, a methyl group, an ethyl
group, an n-propyl group, an i-propyl group, an n-butyl
group, an i-butyl group, a t-butyl group, a pentyl group, a
hexyl group, a heptyl group, an octyl group, a nonyl group, a
decyl group, an undecyl group, a dodecyl group, a tridecyl
group, a tetradecyl group, a 3-ethylpentyl group, a 4-propyl-
heptyl group, a 3,3-diethylpentyl group, a 4,4-dipropylheptyl
group or the like.

The cycloalkyl group is preferably a cycloalkyl group hav-
ing 3 to 20 carbon atoms. As such, there can be mentioned, for
example, any of cyclopropyl, cyclobutyl, cyclopentyl, cyclo-
hexyl, cycloheptyl, cyclooctyl, cyclononyl, norbornyl, ada-
mantyl, diadamantyl, tricyclodecanyl and tetracyclododeca-
nyl structures.

As the aryl group, there can be mentioned a phenyl group,
a naphthyl group, a thiophene group, a furan group, a pyrrole
group, an indole group or the like.

As the aralkyl group, there can be mentioned a group
resulting from the linkage of the above aryl group to an alkyl
group having 1 to 4 carbon atoms.

The alkoxyalkyl group is preferably a linear, branched or
cyclic alkoxyalkyl group having 1 to 20 carbon atoms. For
example, there can be mentioned a linear, branched or cyclic
alkoxyalkyl group, such as a methoxymethyl group, an
ethoxymethyl group, an n-propoxymethyl group, an i-pro-
poxymethyl group, an n-butoxymethyl group, a 2-methylpro-
poxyethyl group, a 1-methylpropoxymethyl group, a tetrahy-
drofuranyl group, a tetrahydropyranyl group or the like.

The n-valent hydrocarbon group optionally containing a
substituent and/or a heteroatom, represented by I, is prefer-
ably a linear or branched alkyl group or a cycloalkyl group,
more preferably a linear or branched alkyl group having 3 to
15 carbon atoms or a cycloalkyl group having 3 to 15 carbon
atoms.

In general formula (Ia), n is preferably an integer of 3 to 10,
more preferably an integer of 3 to 6.

As particular examples of the mercaptan compounds, there
can be mentioned those of the following structures, which
however in no way limit the scope of useful mercaptan com-
pounds. The particular examples include tris[(3-mercapto-
propionyloxy )ethyl]isocyanurate, trimethylolmethane tris(2-
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mercaptoacetate), trimethylolethane tris(2-mercaptoacetato)
trimethylol, trimethylolmethane tris(3-mercaptopropionate),
trimethylolpropane tris(3-mercaptopropionate), pentaeryth-
ritol tetrakis(2-mercaptoacetate), pentaerythritol tetrakis(3-
mercaptopropionate), tetraethylene glycol bis(3-mercapto-
propionate), dipentaerythritol hexakis(3-
mercaptopropionate) and the like. Of these, pentaerythritol
tetrakis(2-mercaptoacetate) and pentaerythritol tetrakis(3-
mercaptopropionate) being tetrafunctional compounds are
especially preferred. When any of these mercaptan com-
pounds is present in a polymerization system, growing radi-
cals can easily abstract hydrogen from the mercaptan com-
pound, and the radicals produced by this chain transfer
reaction are added to a monomer, thereby re-initiating poly-
merization. Therefore, a tri- or tetra-branched polymer can be
produced by using the polyfunctional chain transfer agent of
tri- or higher-functionality.

Any mercaptan compound may be used alone, or two or
more types of mercaptan compounds may be used in combi-
nation.

With respect to polymerization methods, the resins can be
synthesized by radical polymerization using an initiator and a
chain transfer agent. For example, there can be mentioned a
batch polymerization method in which monomer species, an
initiator and a chain transfer agent are dissolved in a solvent
and heated so as to accomplish polymerization, and a drop-
ping polymerization method in which a solution of monomer
species and initiator is dropped into a heated solvent over a
period of 1 to 10 hours. The dropping polymerization method
is preferred. As a reaction solvent, there can be mentioned, for
example, an ether, such as tetrahydrofuran, 1,4-dioxane or
diisopropyl ether; a ketone, such as methyl ethyl ketone or
methyl isobutyl ketone; an ester solvent, such as ethyl acetate;
an amide solvent, such as dimethylformamide or dimethylac-
etamide; or a solvent capable of dissolving the composition of
the present invention, such as propylene glycol monomethyl
ether acetate, propylene glycol monomethyl ether or cyclo-
hexanone, to be hereinafter described. It is preferred to per-
form the polymerization with the use of the same solvent as
employed in the resist composition of the present invention.
This inhibits any particle generation during storage.

The polymerization reaction is preferably carried out in an
atmosphere of inert gas, such as nitrogen or argon. The poly-
merization is initiated using a commercially available radical
initiator (azo initiator, peroxide, etc.) as a polymerization
initiator. Among the radical initiators, an azo initiator is pre-
ferred. An azo initiator having an ester group, a cyano group
or a carboxyl group is preferred. As preferred initiators, there
can be mentioned azobisisobutyronitrile, azobisdimeth-
ylvaleronitrile, dimethyl 2,2'-azobis(2-methylpropionate)
and the like. The amount of polymerization initiator to be
added depends on the type and amount of raw monomer and
chain transfer agent for use in polymerization reaction and
polymerization conditions, such as polymerization tempera-
ture and polymerization solvent, and cannot be flatly speci-
fied. However, the amount of polymerization initiator is gen-
erally selected so as to fall within the range 0of 0.01 to 10 mol,
preferably 0.05 to 5 mol and further more preferably 0.1 to 2
mol per mol of chain transfer agent.

The concentration of monomers in the whole reaction lig-
uid is in the range of 5 to 50 mass %, preferably 10 to 40 mass
% and more preferably 15 to 30 mass %.

The reaction temperature is generally in the range of 10° to
150° C., preferably 30° to 120° C. and more preferably 60° to
100° C.

The amount of chain transfer agent added is selected so as
to fall within the range of 0.001 to mol, preferably 0.002 to 1
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mol, more preferably 0.005 to 0.5 mol, further more prefer-
ably 0.01 to 0.2 mol and most preferably 0.02 to 0.1 mol per
mol of monomer.

The resins obtained by polymerization are preferably puri-
fied before use. In the purification, use can be made of routine
methods, such as a liquid-liquid extraction method in which
residual monomers and oligomer components are removed
by water washing or by the use of a combination of appropri-
ate solvents, a method of purification in solution form such as
ultrafiltration capable of extraction removal of only compo-
nents of a given molecular weight or below, a re-precipitation
method in which a resin solution is dropped into a poor
solvent to thereby coagulate the resin in the poor solvent and
thus remove residual monomers, etc., and a method of puri-
fication in solid form such as washing of a resin slurry
obtained by filtration with the use of a poor solvent.

Particular examples of repeating units as constituents of
resins (C) are shown below. The table following them lists,
with respect to each of the resins, the molar ratios of indi-
vidual repeating units (corresponding to shown individual
repeating units in order from the left), the weight average
molecular weight, the dispersity and the initiator and chain
transfer agent employed in polymerization reaction.
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Chain
Composition transfer

Resin  ratio Mw Mw/Mn agent Initiator
C-1 50/50 6000 1.5 A V-65
C-2 30/70 6500 1.4 E V-601
C-3 45/55 8000 1.4 B V-601
C-4 100 15000 1.7 A V-60
C-5 60/40 6000 1.4 C V-601
C-6 40/60 8000 1.4 D V-601
C-7 30/40/60 8000 1.4 C V-601
C-8 60/40 8000 1.3 E V-601
C-9 50/50 6000 1.4 C V-601
C-10 40/40/20 7000 1.4 D V-601
C-11 40/30/30 9000 1.6 C V-601
C-12 30/30/40 6000 1.4 A V-601
C-13 60/40 9500 1.4 B V-601
C-14 60/40 8000 1.4 A V-60
C-15 35/35/30 7000 1.4 E V-601
C-16 50/40/5/5 6800 1.3 D V-601
C-17 20/30/50 8000 1.4 E V-65
C-18 25/25/50 6000 1.4 D V-601
C-19 100 9500 1.5 E V-601
C-20 100 7000 1.4 C V-601
C-21 50/50 6000 1.4 B V-601
C-22 40/60 9600 1.4 A V-60
C-23 100 20000 1.8 C V-601
C-24 100 25000 2.0 E V-601
C-25 100 15000 1.6 B V-601
C-26 100 12000 1.8 E V-601
C-27 100 18000 1.7 A V-601
C-28 70/30 15000 1.8 E V-601
C-29 80/15/5 18000 1.8 D V-601
C-30 60/40 25000 1.8 C V-601
C-31 90/10 19000 1.6 D V-601
C-32 60/40 20000 1.8 B V-60
C-33 50/30/20 11000 1.6 A V-601
C-34 60/40 12000 1.8 D V-601
C-35 60/40 15000 1.6 A V-60
C-36 100 22000 1.8 B V-601
C-37 20/80 35000 2.0 D V-60
C-38 30/70 12000 1.8 C V-601
C-39 30/70 9000 1.7 E V-601
C-40 100 9000 1.6 D V-601
C-41 40/15/45 12000 1.7 A V-601
C-42 30/30/40 13000 1.7 B V-601
C-43 40/40/20 23000 2.0 B V-601
C-44 65/30/5 25000 1.9 E V-60
C-45 100 15000 1.8 A V-601
C-46 20/80 9000 1.7 A V-601
Cc-47 70/30 18000 1.8 E V-601
C-48 60/20/20 18000 1.9 B V-601
C-49 100 12000 1.6 D V-60
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TABLE 1-continued
Chain
Composition transfer

Resin  ratio Mw Mw/Mn agent Initiator
C-50 60/40 20000 1.7 C V-601
C-51 70/30 33000 1.9 A V-601
C-52 60/40 19000 1.8 C V-601
C-53 50/50 15000 1.6 B V-601
C-54 40/20/40 35000 1.8 C V-60
C-55 100 16000 1.7 D V-601

The chain transfer agents and initiators employed in the
synthesis of resins C-1 to C-55 are listed below.

[Chain Transfer Agent]

A: trimethylolethane tris(2-mercaptoacetato)trimethylol,

B: trimethylolpropane tris(3-mercaptopropionate),

C: pentaerythritol tetrakis(2-mercaptoacetate),

D: pentaerythritol tetrakis(3-mercaptopropionate), and

E: dipentaerythritol hexakis(3-mercaptopropionate).

[Initiator]

V-60: 2,2'-azobis(2-methylpropionitrile),

V-65: 2,2'-azobis(2,4-dimethylvaleronitrile), and

V-601: dimethyl 2,2'-azobis(2-methylpropionate).

When the hydrophobic resin (C) containing at least either a
fluorine atom or a silicon atom is contained, the resin (C) is
localized in a surface layer of the film formed from the
actinic-ray- or radiation-sensitive resin composition, so that
in the use of water as a liquid-immersion medium, the reced-
ing contact angle of the film surface with water can be
increased to thereby enhance the liquid-immersion water
tracking property.

The receding contact angle of the film of the composition
of the present invention that has been baked but is not yet
exposed, as measured at exposure temperature, generally
room temperature 23+3° C. in a humidity of 45+5%, is pref-
erably in the range of 60° to 90°, more preferably 65° or
greater, further more preferably 70° or greater and most pref-
erably 75° or greater.

Although the resin (C) is localized in an interface as men-
tioned above, as different from surfactants, the resin (C) does
not necessarily have to have a hydrophilic group in its mol-
ecule and does not need to contribute toward uniform mixing
of polar/nonpolar substances.

In the operation of liquid-immersion exposure, it is needed
for the immersion liquid to move on a wafer while tracking
the movement of an exposure head conducting high-speed
scanning on the wafer and thus forming an exposure pattern.
Therefore, the contact angle of the immersion liquid with
respect to the resist film in a dynamic condition is important,
and it is required for the resist to be capable of tracking the
high-speed scanning of the exposure head without leaving
any droplets.

As the resin (C) is hydrophobic, the problems of develop-
ment residue (scum) and blob defect after alkali development
are likely to become serious. However, improvement with
respect to the development residue (scum) and blob defect
can be attained by an increase of alkali dissolution rate attrib-
uted to containing three or more polymer chains combined
together through at least one branch point, as compared with
linear chain resins.
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When the resin (C) contains a fluorine atom, the content of
fluorine atom based on the molecular weight of the resin (C)
is preferably in the range of 5 to 80 mass %, more preferably
10 to 80 mass %. The repeating unit containing a fluorine
atom is preferably contained in an amount of 10 to 100 mass
%, more preferably 30 to 100 mass %, based on all the
repeating units of the resin (C).

When the resin (C) contains a silicon atom, the content of
silicon atom based on the molecular weight of the resin (C) is
preferably in the range of 2 to 50 mass %, more preferably 2
to 30 mass %. The repeating unit containing a silicon atom is
preferably contained in an amount of 10 to 90 mass %, more
preferably 20 to 80 mass %, based on all the repeating units of
the resin (C).

The standard-polystyrene-equivalent weight average
molecular weight of the resin (C) is preferably in the range of
1000 to 10,000, more preferably 2000 to 50,000 and further
more preferably 3000 to 30,000.

The content of resin (C) in the actinic-ray- or radiation-
sensitive resin composition can be regulated so that the reced-
ing contact angle of the film from the actinic-ray- or radiation-
sensitive resin composition falls within the above-mentioned
range before the use of the composition. Based on the total
solids of the actinic-ray- or radiation-sensitive resin compo-
sition, the content is preferably in the range 0£0.01 to 20 mass
%, more preferably 0.1 to 15 mass %, further more preferably
0.1 to 10 mass % and most preferably 0.5 to 8 mass %.

A single type of resin (C) may be used alone, or two or
more types of resins (C) may be used in combination.

[2] Resin (A) whose Solubility in an Alkali Developer is
Increased by the Action of an Acid

The composition of the present invention contains a resin
(A) that when acted on by an acid, increases its solubility in an
alkali developer. The resin (A) has a group that is decomposed
by the action of an acid to thereby produce an alkali-soluble
group (hereinafter also referred to as “acid-decomposable
group”) in the principal chain and/or side chain of the resin.

As preferred alkali soluble groups, there can be mentioned
a carboxyl group, a fluoroalcohol group (preferably hexatlu-
oroisopropanol) and a sulfonate group, which however in no
way limit the scope of the present invention.

The acid-decomposable group is preferably a group as
obtained by substituting the hydrogen atom of any of these
alkali soluble groups with an acid eliminable group.

As the acid eliminable group, there can be mentioned, for

example, —C(R;6)(R37)(R35), —C(Ry1)(Ro2)(OR;,) or the
like.

In the formulae, each of R, to R;, independently repre-
sents an alkyl group, a cycloalkyl group, an aryl group, an
aralkyl group or an alkenyl group. R; and R, may be bonded
with each other to thereby form a ring structure.

Each of Ry, and R, independently represents a hydrogen
atom, an alkyl group, a cycloalkyl group, an aryl group, an
aralkyl group or an alkenyl group.

Preferably, the acid-decomposable group is a cumyl ester
group, an enol ester group, an acetal ester group, a tertiary
alkyl ester group or the like. A tertiary alkyl ester group is
more preferred.

The resin (A) preferably contains the repeating unit with an
acid-decomposable group. The repeating unit with an acid-
decomposable group is preferably any of those of the follow-
ing general formula (AI).
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Py +h

In general formula (AI),

Xa, represents a hydrogen atom, an optionally substituted
methyl group or any of the groups of the formula—CH,—R,,.
R, represents a hydroxyl group or a monovalent organic
group. The monovalent organic group is, for example, an
alkyl group having 5 or less carbon atoms or an acyl group.
Preferably, the monovalent organic group is an alkyl group
having 3 or less carbon atoms, more preferably a methyl
group. Xa, preferably represents a hydrogen atom, a methyl
group, a trifftuoromethyl group or a hydroxymethyl group.

T represents a single bond or a bivalent connecting group.

Each of Rx, to Rx; independently represents an alkyl group
(linear or branched) or a cycloalkyl group (monocyclic or
polycyclic).

At least two of Rx, to Rx; may be bonded with each other
to thereby form a cycloalkyl group (monocyclic or polycy-
clic).

As the bivalent connecting group represented by T, there
can be mentioned an alkylene group, a group of the formula
—COO-Rt-, a group of the formula —O-Rt- or the like. In the
formulae, Rt represents an alkylene group or a cycloalkylene
group.

T is preferably a single bond or a group of the formula
—COO-Rt-. Rt is preferably an alkylene group having 1 to 5
carbon atoms, more preferably a —CH,— group or
—(CH,);— group.

The alkyl group represented by each of Rx, to Rx; is pref-
erably one having 1 to 4 carbon atoms, such as a methyl
group, an ethyl group, an n-propyl group, an isopropyl group,
an n-butyl group, an isobutyl group or a t-butyl group.

The cycloalkyl group represented by each of Rx, to Rx; is
preferably a cycloalkyl group of one ring, such as a cyclopen-
tyl group or a cyclohexyl group, or a cycloalkyl group of
multiple rings, such as a norbornyl group, a tetracyclodecanyl
group, a tetracyclododecanyl group or an adamantyl group.

The cycloalkyl group formed by bonding of at least two of
Rx, to Rx; is preferably a cycloalkyl group of one ring, such
as a cyclopentyl group or a cyclohexyl group, or a cycloalkyl
group of multiple rings, such as a norbornyl group, a tetracy-
clodecanyl group, atetracyclododecanyl group or an adaman-
tyl group.

In a preferred embodiment, Rx, is a methyl group or an
ethyl group, and Rx, and Rx; are bonded with each other to
thereby form any of the above-mentioned cycloalkyl groups.

Each of these groups may have a substituent. As the sub-
stituent, there can be mentioned, for example, an alkyl group
(1 to 4 carbon atoms), a halogen atom, a hydroxyl group, an
alkoxy group (1 to 4 carbon atoms), a carboxyl group, an
alkoxycarbonyl group (2 to 6 carbon atoms) or the like. The
number of carbon atoms of the substituent is preferably 8 or
less.

The content ratio of repeating units having an acid-decom-
posable group is preferably in the range of 20 to 50 mol %,
more preferably 25 to 45 mol %, based on all the repeating
units of the resin (A).
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Specific examples of the preferred repeating units with
acid-decomposable groups will be shown below, which how-
ever in no way limit the scope of the present invention.

In the following formulae, each of Rx and Xa, represents a
hydrogen atom, CH;, CF; or CH,OH. Each of Rxa and Rxb

represents an alkyl group having 1 to 4 carbon atoms. Z, each
independently in the presence of two or more groups, repre-
sents a substituent containing a polar group. p represents 0 or

a positive integer.
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_(‘CHZ_Tﬁ_
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It is more preferred for the resin (A) to be aresin having, as
the repeating units of general formula (Al), at least either any
of' the repeating units of general formula (AI-1) below or any
of the repeating units of general formula (AI-2) below.

Ry
/(OI/O
dﬂz
R

R

3

(A1)

(AI-2)

(6] (6]

R5+R4

Re

In general formulae (AI-1) and (AI-2), each of R| and R,
independently represents a hydrogen atom, an optionally sub-
stituted methyl group or any of the groups of the formula
—CH,—R,. R, represents a monovalent organic group.

Each of R,, R,, R5 and Ry independently represents an
alkyl group or a cycloalkyl group.

R represents an atomic group required for forming an ali-
cyclic structure in cooperation with a carbon atom.

General formulae (Al-1) and (AI-2) will be described in
greater detail below.

R, preferably represents a hydrogen atom, a methyl group,
a trifluoromethyl group or a hydroxymethyl group.

The alkyl group represented by R, may be linear or
branched, and may have a substituent.

The cycloalkyl group represented by R, may be monocy-
clic or polycyclic, and may have a substituent.

R, preferably represents an alkyl group, more preferably an
alkyl group having 1 to 10 carbon atoms, especially 1 to 5
carbon atoms. As examples thereof, there can be mentioned a
methyl group and an ethyl group.

R represents an atomic group required for forming an ali-
cyclic structure in cooperation with a carbon atom. The thus
formed alicyclic structure is preferably an alicyclic structure
of'a single ring, and preferably has 3 to 7 carbon atoms, more
preferably 5 or 6 carbon atoms.
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R; preferably represents a hydrogen atom or a methyl
group, more preferably a methyl group.

Each of the alkyl groups represented by R,,, R5 and R, may
be linear or branched, and may have a substituent. The alkyl
groups preferably are those each having 1 to 4 carbon atoms,
such as a methyl group, an ethyl group, an n-propyl group, an
isopropyl group, an n-butyl group, an isobutyl group and a
t-butyl group.

Each ofthe cycloalkyl groups represented by R,,, Ry and Ry
may be monocyclic or polycyclic, and may have a substituent.
The cycloalkyl groups are preferably a cycloalkyl group with
a single ring, such as a cyclopentyl group or a cyclohexyl
group, and a cycloalkyl group with multiple rings, such as a
norbornyl group, a tetracyclodecanyl group, a tetracy-
clododecanyl group or an adamantyl group.

In one embodiment, the repeating units of general formula
(AI-1) are those of general formula (1-a) below.

(1-a)

In the formula, R, and R, have the same meaning as those
of general formulae (AI-1).

The repeating units of general formula (AI-2) are prefer-
ably those of general formula (II-1) below.

(1I-1)

(Rlo)p

In general formula (1I-1),

R; to Ry have the same meaning as in general formula
(AI-2).

R,, represents a substituent containing a polar group.
When a plurality of R, s exist, they may be identical to or
different from each other. As the substituent containing a
polar group, there can be mentioned, for example, a linear or
branched alkyl group, or cycloalkyl group, having a hydroxyl
group, a cyano group, an amino group, an alkylamido group
or a sulfonamido group. An alkyl group having a hydroxyl
group is preferred. As a branched alkyl group, an isopropyl
group is especially preferred.

In the formula, p is an integer of O to 15, preferably in the
range of 0 to 2, and more preferably O or 1.

As mentioned above, it is preferred for the resin (A) to be
a resin containing, as the repeating units of general formula
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(AD), at least either any of the repeating units of general

formula (AI-1) or any of the repeating units of general for-
mula (AI-2). In another form, it is preferred for the resin (A)
to be a resin containing, as the repeating units of general
formula (Al), at least two of the repeating units of general >
formula (AI-1), or both any of the repeating units of general
formula (AI-1) and any of the repeating units of general

formula (AI-2).

When a plurality of acid-decomposable repeating units are
simultaneously used in the resin (A), preferred combinations
thereof are shown below. In the formulae, each of Rs inde-
pendently represents a hydrogen atom or a methyl group.
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The resin (A) preferably contains a repeating unit having at

least one group selected from among a lactone group, a
hydroxyl group, a cyano group and an alkali soluble group.

(6] (6]

The repeating unit having a lactone group that may be
contained in the resin (A) will be described below.

Any lactone groups can be employed as long as a lactone
structure is possessed therein. However, lactone structures of
a 5to 7-membered ring are preferred, and in particular, those
resulting from condensation of lactone structures of a 5 to
7-membered ring with other cyclic structures effected in a
fashion to form a bicyclo structure or spiro structure are
preferred. The possession of repeating units having a lactone
structure represented by any of the following general formu-
lae (LC1-1)to (LC1-17) is more preferred. The lactone struc-
tures may be directly bonded to the principal chain of the
resin. Preferred lactone structures are those of formulae
(LC1-1), (LC1-4), (LC1-5), (LC1-6), (LC1-13), (LC1-14)
and (LC1-17). The use of these specified lactone structures
would ensure improvement in the line edge roughness and
development defect.

LC1-1

i
T(Rbyn;

10

15

20

25

30

35

40

45

50

55

60

65

114

-continued

f

Rby)my

(Rb);

w O
Xg
N ~Z
O

0
0
(R%)nz
0
0
0
(Rb)nz

I

&

(Rb)ms

(Rba)ma

(Rby)ms

LC1-2

LC1-3

LC1-4

LC1-5

LC1-6

LC1-7

LC1-8

LC1-9



US 9,152,048 B2

-continued
LCI1-10
(Rb)ms
(@]
@]
LCI-11
(Rb)ms
(sz)nz
O
LC1-12
(Rb)ms
(sz)nz
O
LCI1-13
Rbo)nz
~o
@)
(@)
LC1-14
(Rba)ms
~o
O
(@)
LCI1-15
(Rbo)nz
(0) @]
LCI1-16
\&%2)}12
O o)
LC1-17

0 O\_(O\I
=

The presence of a substituent (Rb,) on the portion of the
lactone structure is optional. As a preferred substituent (Rb,),
there can be mentioned an alkyl group having 1 to 8 carbon
atoms, a cycloalkyl group having 4 to 7 carbon atoms, an

(Rb)my
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alkoxy group having 1 to 8 carbon atoms, an alkoxycarbonyl
group having 1 to 8 carbon atoms, a carboxyl group, a halogen
atom, a hydroxyl group, a cyano group, an acid-decompos-
able group or the like. Of these, an alkyl group having 1 to 4
carbon atoms, a cyano group and an acid-decomposable
group are more preferred. In the formulae, n, is an integer of
0 to 4. When n, is 2 or greater, the plurality of present sub-
stituents (Rb,) may be identical to or different from each
other. Further, the plurality of present substituents (Rb,) may
be bonded to each other to thereby form a ring.

As the repeating units having any of the lactone structures
of general formulae (LC1-1) to (LC1-17), there can be men-
tioned those of general formula (AII) below.

(AIT)
Rbyg

COO—Ab—V

In general formula (AIl),

Ab, represents a hydrogen atom, a halogen atom or an
optionally substituted alkyl group having 1 to 4 carbon atoms.
As a preferred substituent optionally contained in the alkyl
group represented by Ab,, there can be mentioned a hydroxyl
group, a halogen atom, an acetoxy group or the like. As the
halogen atom represented by Ab,, there can be mentioned a
fluorine atom, a chlorine atom, a bromine atom or an iodine
atom. The Aby, is preferably a hydrogen atom, a methyl group,
a hydroxymethyl group or a trifluoromethyl group. A hydro-
gen atom and a methyl group are especially preferred.

Ab represents a single bond, an alkylene group, a bivalent
connecting group with an alicyclic hydrocarbon structure of a
single ring or multiple rings, an ether group, an ester group, a
carbonyl group, or a bivalent connecting group resulting from
combination thereof. A single bond and a bivalent connecting
group of the formula -Ab,-CO,— are preferred.

Ab, is a linear or branched alkylene group or a cycloalky-
lene group of a single ring or multiple rings, being preferably
a methylene group, an ethylene group, a cyclohexylene
group, an adamantylene group or a norbornylene group.

V represents a group with a lactone structure, and there can
be mentioned groups with the structure represented by any of
general formulae (LC1-1) to (LC1-17).

The repeating unit having a lactone group is generally
present in the form of optical isomers. Any of the optical
isomers may be used. It is both appropriate to use a single type
of optical isomer alone and to use a plurality of optical iso-
mers in the form of a mixture. When a single type of optical
isomer is mainly used, the optical purity (ee) thereof is pref-
erably 90% or higher, more preferably 95% or higher.

When Ab is a single bond, as the repeating units with most
preferred lactone groups among the units of general formula
(AID), there can be mentioned the following repeating units.
An improvement in pattern profile and iso-dense bias can be
attained by selection of the most appropriate lactone group.

In the following formulae, Rx represents a hydrogen atom,
an optionally substituted alkyl group or a halogen atom. Pref-
erably, Rx represents a hydrogen atom, a methyl group, a
hydroxymethyl group or an acetoxymethyl group.
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It is preferred for resin (A) to contain any of the repeating

units having a lactone group represented by general formula
(1), below.

M
Ry

o~y

A
\(‘RO—Z)—RS
)

In general formula (1),

A represents an ester bond (—COO—) or an amido bond
(—CONH—).

Ro, each independently in the presence of two or more
groups, represents an alkylene group, a cycloalkylene group
or a combination thereof.

Z, each independently in the presence of two or more
groups, represents an ether bond, an ester bond, a carbonyl
group, an amido bond, a urethane bond

e}

R
(a group represented by —OJJ—N— or

e}

—II‘{TJJ_O—),

or a urea bond

e}

R R
(a group represented by ——N N—).

Each of Rs independently represents a hydrogen atom, an
alkyl group, cycloalkyl group or an aryl group.

Ry represents a monovalent organic group with a lactone
structure.

n, represents the number of repetitions of the structure of
the formula —R,—7— and is an integer of 1 to 5.

R, represents a hydrogen atom, a halogen atom or an alkyl
group.

Each of the alkylene group and cycloalkylene group rep-
resented by R, may have a substituent.

Z preferably represents an ether bond or an ester bond,
most preferably an ester bond.

The alkyl group represented by R, is preferably an alkyl
group having 1 to 4 carbon atoms, more preferably a methyl
group or an ethyl group and most preferably a methyl group.
The alkyl group represented by R, may be substituted. As
substituents on R, there can be mentioned, for example, a
halogen atom such as a fluorine atom, a chlorine atom or a
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bromine atom, a mercapto group, a hydroxyl group, an alkoxy
group such as a methoxy group, an ethoxy group, an isopro-
poxy group, a t-butoxy group or a benzyloxy group, an acyl
group such as an acetyl group or a propionyl group, an
acetoxy group and the like. R, preferably represents a hydro-
gen atom, a methyl group, a trifluoromethyl group or a
hydroxymethyl group.

The alkylene group represented by R, is preferably a chain
alkylene group having 1 to 10 carbon atoms, more preferably
1 to 5 carbon atoms, for example, a methylene group, an
ethylene group, a propylene group or the like. The cycloalky-
lene group is preferably a cycloalkylene group having 3 to 20
carbon atoms. As such, there can be mentioned, for example,
cyclohexylene, cyclopentylene, norbornylene, adamantylene
or the like. The chain alkylene groups are preferred from the
viewpoint of the exertion of the effect of the present invention.
A methylene group is most preferred.

The substituent with a lactone structure represented by Ry
is not limited as long as the lactone structure is contained. As
particular examples thereof, there can be mentioned the lac-
tone structures of the above general formulae (L.C1-1) to
(LC1-17). Of'these, the structures of general formula (LC1-4)
are most preferred. In general formulae (L.C1-1) to (LC1-17),
n, is more preferably 2 or less.

Rg preferably represents a monovalent organic group with
an unsubstituted lactone structure or a monovalent organic
group with a lactone structure substituted with a methyl
group, a cyano group or an alkoxycarbonyl group. More
preferably, R, represents a monovalent organic group with a
lactone structure substituted with a cyano group (cyanolac-
tone).

Specific examples of the repeating units having groups
with a lactone structure of general formula (1) will be shown
below, which however in no way limit the scope ofthe present
invention.

In the following specific examples, R represents a hydro-
gen atom, an optionally substituted alkyl group or a halogen
atom. Preferably, R represents a hydrogen atom, a methyl
group, a hydroxymethyl group or an acetoxymethyl group.

R
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o
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0
0
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As more preferred repeating units with a lactone structure,
there can be mentioned the repeating units of general formula
(1-1), below.

(1-1)
Ry

-~

A\(R(J_Z)no\r %

7= Ro)m

¢}

In general formula (1-1),

R,, A, R, Z and n,, are as defined above with respect to
general formula (1).

Ry, each independently in the presence of two or more
groups, represents an alkyl group, a cycloalkyl group, an
alkoxycarbonyl group, a cyano group, a hydroxyl group or an
alkoxy group. In the presence of two or more groups, two Rgs
may be bonded to each other to thereby form a ring.

X represents an alkylene group, an oxygen atom or a sulfur
atom, and

m is the number of substituents and is an integer of 0 to 5.
Preferably, mis O or 1.

The alkyl group represented by R, is preferably an alkyl
group having 1 to 4 carbon atoms, more preferably a methyl
group or an ethyl group and most preferably a methyl group.
As the cycloalkyl group, there can be mentioned a cyclopro-
py!l group, a cyclobutyl group, a cyclopentyl group or a cyclo-
hexyl group. As the alkoxycarbonyl group, there can be men-
tioned a methoxycarbonyl group, an ethoxycarbonyl group,
an n-butoxycarbonyl group, a t-butoxycarbonyl group or the
like. As the substituent therefor, there can be mentioned a
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hydroxyl group, an alkoxy group such as a methoxy group or -continued
an ethoxy group, a cyano group, or a halogen atom such as a R

fluorine atom. More preferably, R, represents a methyl group,

a cyano group or an alkoxycarbonyl group, still more prefer-
ably a cyano group. 5
As the alkylene group represented by X, there can be men-
tioned a methylene group, an ethylene group or the like. 0

Preferably, X represents an oxygen atom or a methylene
group, more preferably a methylene group. 10

When m is 1 or greater, the substitution site of at least one
R, is preferably the a-position or -position of the carbonyl
group of the lactone. The substitution at the a-position is

especially preferred.

Specific examples of the repeating units having groups P

with a lactone structure expressed by general formula (VII-1)

will be shown below, which however in no way limit the scope

of'the present invention. In the following specific examples, R R
represents a hydrogen atom, an optionally substituted alkyl ,,
group or a halogen atom. Preferably, R represents a hydrogen
atom, a methyl group, a hydroxymethyl group or an
acetoxymethyl group. 0 o

o}
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The repeating unit having a lactone group is generally
present in the form of optical isomers. Any of the optical
isomers may be used.

Two or more types of lactone repeating units selected from
among those of general formula (1) can be simultaneously
employed in order to enhance the effects of the present inven-
tion. In the simultaneous employment, it is preferred to select
the two or more types from the lactone repeating units of
general formula (1) in which n, is 1.

The content of repeating units with a lactone structure of
general formula (1), the total content thereof when two or
more types thereof are contained, is preferably in the range of
15 to 60 mol %, more preferably 20 to 50 mol % and further
more preferably 30 to 50 mol % based on all the repeating
units of resin (A).

The content of repeating units with a lactone other than
those of general formula (1), the total content thereof when
two or more types thereof are contained, is preferably in the
range of 15 to 60 mol %, more preferably 20 to 50 mol % and
further more preferably 30 to 50 mol % based on all the
repeating units of resin (A).

Itis preferred for the resin (A) to have a repeating unit other
than the repeating units of general formulae (Al) and (1),
having a hydroxyl group or a cyano group. The containment
of'this repeating unit would realize enhancements of adhesion
to substrate and developer affinity. The repeating unit having
a hydroxyl group or a cyano group is preferably a repeating
unit with a structure of alicyclic hydrocarbon substituted with
a hydroxyl group or a cyano group, and preferably has no
acid-decomposable group. In the alicyclic hydrocarbon struc-
ture substituted with a hydroxyl group or a cyano group, the
alicyclic hydrocarbon structure preferably consists of an ada-
mantyl group, a diamantyl group or a norbornane group. As
preferred alicyclic hydrocarbon structures substituted with a
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hydroxyl group or a cyano group, there can be mentioned the
partial structures of general formulae (VIla) to (VIId), below.

Rye
Ryc
R3C
Rye
Ryc
R3C
R3C
(D\CN

(VIIa)

(VIIb)

(Vo)

ch
Ryc

(VIId)

In general formulae (VIla) to (VIc),

each of R, _ to R, independently represents a hydrogen
atom, a hydroxyl group or a cyano group, providing that at
least one of the R, to R, represents a hydroxyl group or a
cyano group. Preferably, one or two of the R, to R, are
hydroxyl groups and the remainder is a hydrogen atom. In the
general formula (VIIa), more preferably, two of the R, . to R,
are hydroxyl groups and the remainder is a hydrogen atom.

As therepeating units having any of'the partial structures of
general formulae (VIla) to (VIId), there can be mentioned
those of general formulae (Alla) to (AIld) below.

(Alla)

R3 C
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-continued
(AIlb)

(Allo)

RIC
(ele]6]
ch
Rye
Rsc
Rie
CcOO
Rye
Ryc
Rsc
(AIld)
Rie
COO—

CN

In the general formulae (Alla) to (AIld),

R, c represents a hydrogen atom, a methyl group, a trifluo-
romethyl group or a hydroxymethyl group.

R,c to R,c have the same meaning as those of general
formulae (VIla) to (V1lc).

The content ratio of the repeating unit having a hydroxyl
group or a cyano group, based on all the repeating units of the
resin (A), is preferably in the range of 5 to 40 mol %, more
preferably 5 to 30 mol % and still more preferably 10 to 25
mol %.

Specific examples of the repeating units having a hydroxyl
group or a cyano group will be shown below, which however
in no way limit the scope of the present invention.
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-continued

N CN

P
ot
Lo

%?

OH OH

It is preferred for the resin (A) to contain a repeating unit
having an alkali-soluble group. As the alkali-soluble group,
there can be mentioned a carboxyl group, a sulfonamido
group, a sulfonylimido group, a bisulfonylimido group or an
aliphatic alcohol substituted at its c-position with an elec-
tron-withdrawing group (for example, a hexafluoroisopro-
panol group). The possession of a repeating unit having a
carboxyl group is more preferred. The incorporation of the
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repeating unit having an alkali-soluble group would increase
the resolving power in contact hole usage. The repeating unit
having an alkali-soluble group is preferably any of arepeating
unit wherein the alkali-soluble group is directly bonded to the
principal chain of a resin such as a repeating unit of acrylic
acid or methacrylic acid, a repeating unit wherein the alkali-
soluble group is bonded via a connecting group to the prin-
cipal chain of a resin and a repeating unit wherein the alkali-
soluble group is introduced in a terminal of a polymer chain
by the use of a chain transfer agent or polymerization initiator
having the alkali-soluble group in the stage of polymeriza-
tion. The connecting group may have a cyclohydrocarbon
structure of a single ring or multiple rings. The repeating unit
of acrylic acid or methacrylic acid is especially preferred.

The content ratio of the repeating unit having an alkali-
soluble group based on all the repeating units of the resin (A)
is preferably in the range of 0 to 20 mol %, more preferably 3
to 15 mol % and still more preferably 5 to 10 mol %.

Specific examples of the repeating units having an alkali-
soluble group will be shown below, which however in no way
limit the scope of the present invention.

In the formulae, Rx represents H, CH;, CF; or CH,OH.

Rx
X(j:)

Rx
/t)j/i/oH
Rx
/tj/i/o
\

CO,H
COH
Rx
/:iNH
CONHSO0,CH; SO,CH;
Rx

/(/OINH CFs
o \ oH

CF3
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Rx Rx
(@) O (@) O
FsC CF3
HO OH
CF; F;C

CF;
OH
CF,
Rx
o o)
@\CONHSOZCH3
Rx
/:j/i/o

Rx
/:j//)\/o
@\NHSOZCR

The repeating unit containing at least one group selected
from among a lactone group, a hydroxyl group, a cyano group
and an alkali-soluble group is preferably a repeating unit
containing at least two groups selected from among a lactone
group, a hydroxyl group, a cyano group and an alkali-soluble
group, more preferably a repeating unit containing a cyano
group and a lactone group. A repeating unit with a structure
comprising the above lactone structure (LCI-4) substituted
with a cyano group is most preferred.

Resin (A) can further contain a repeating unit that has a
structure of alicyclic hydrocarbon having no polar group,
exhibiting no acid decomposability. As such a repeating unit,
there can be mentioned any of the repeating units of general
formula (1) below.
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@

(6] (6]

Rs

In general formula (I), R, represents a hydrocarbon group
having at least one cyclic structure in which neither a
hydroxyl group nor a cyano group is contained.

Rarepresents a hydrogen atom, an alkyl group or a group of
the formula —CH,—O—Ra, in which Ra, represents a
hydrogen atom, an alkyl group or an acyl group. As Ra, there
can be mentioned, for example, a hydrogen atom, a methyl
group, a trifluoromethyl group, a hydroxymethyl group or the
like,

The cyclic structures contained in R include a monocyclic
hydrocarbon group and a polycyclic hydrocarbon group. As
the monocyclic hydrocarbon group, there can be mentioned,
for example, a cycloalkyl group having 3 to 12 carbon atoms,
such as a cyclopentyl group, a cyclohexyl group, a cyclohep-
tyl group or a cyclooctyl group, or a cycloalkenyl group
having 3 to 12 carbon atoms, such as a cyclohexenyl group.
Preferably, the monocyclic hydrocarbon group is a monocy-
clic hydrocarbon group having 3 to 7 carbon atoms. A cyclo-
pentyl group and a cyclohexyl group are more preferred.

The polycyclic hydrocarbon groups include ring-assembly
hydrocarbon groups and crosslinked-ring hydrocarbon
groups. Examples of the ring-assembly hydrocarbon groups
include a bicyclohexyl group, a perhydronaphthalene group
and the like. As the crosslinked-ring hydrocarbon rings, there
can be mentioned, for example, bicyclic hydrocarbon rings,
such as pinane, bornane, norpinane, norbornane and bicy-
clooctane rings (e.g., bicyclo[2.2.2]octane ring or bicyclo
[3.2.1]octane ring); tricyclic hydrocarbon rings, such as
homobledane, adamantane, tricyclo[5.2.1.0*%]decane and
tricyclo[4.3.1.1>” Jundecane rings; and tetracyclic hydrocar-
bon rings, such as tetracyclo[4.4.0.1>°.17'°|dodecane and
perhydro-1,4-methano-5,8-methanonaphthalene rings. Fur-
ther, the crosslinked-ring hydrocarbon rings include con-
densed-ring hydrocarbon rings, for example, condensed rings
resulting from condensation of multiple 5- to 8-membered
cycloalkane rings, such as perhydronaphthalene (decalin),
perhydroanthracene, perhydrophenanthrene, perhy-
droacenaphthene, perhydrofluorene, perhydroindene and
perhydrophenarene rings.

As preferred crosslinked-ring hydrocarbon rings, there can
be mentioned, for example, a norbornyl group, an adamantyl
group, a bicyclooctanyl group and a tricyclo[5,2,1,0*%]deca-
nyl group. As more preferred crosslinked-ring hydrocarbon
rings, there can be mentioned a norbornyl group and an ada-
mantyl group.

These alicyclic hydrocarbon groups may have substituents.
As preferred substituents, there can be mentioned, for
example, a halogen atom, an alkyl group, a hydroxyl group
protected by a protective group and an amino group protected
by a protective group. The halogen atom is preferably a bro-
mine, chlorine or fluorine atom, and the alkyl group is pref-
erably a methyl, ethyl, butyl or t-butyl group. The alkyl group
may further have a substituent. As the optional further sub-
stituent, there can be mentioned a halogen atom, an alkyl
group, a hydroxyl group protected by a protective group or an
amino group protected by a protective group.
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As the protective group, there can be mentioned, for
example, an alkyl group, a cycloalkyl group, an aralkyl group,
a substituted methyl group, a substituted ethyl group, an
alkoxycarbonyl group or an aralkyloxycarbonyl group. The
alkyl group is preferably an alkyl group having 1 to 4 carbon
atoms. The substituted methyl group is preferably a meth-
oxymethyl, methoxythiomethyl, benzyloxymethyl, t-bu-
toxymethyl or 2-methoxyethoxymethyl group. The substi-
tuted ethyl group is preferably a 1-ethoxyethyl or 1-methyl-
1-methoxyethyl group. The acyl group is preferably an
aliphatic acyl group having 1 to 6 carbon atoms, such as a
formyl, acetyl, propionyl, butyryl, isobutyryl, valeryl or piv-
aloyl group. The alkoxycarbonyl group is, for example, an
alkoxycarbonyl group having 1 to 4 carbon atoms.

The content ratio of any of the repeating units that have a
structure of alicyclic hydrocarbon having no polar group,
exhibiting no acid decomposability, based on all the repeating
units of resin (A), is preferably in the range of O to 40 mol %,
more preferably 0 to 20 mol %.

Specific examples of the repeating units of general formula
(D) will be shown below, which however in no way limit the
scope of the present invention. In the formulae, Ra represents
H, CH;, CH,OH or CF;.
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-continued

Resin (A) may have, in addition to the foregoing repeating
structural units, various repeating structural units for the pur-
pose of regulating the dry etching resistance, standard devel-
oper adaptability, substrate adhesion, resist profile and gen-
erally required properties of the resist such as resolving
power, heat resistance and sensitivity.

As such repeating structural units, there can be mentioned
those corresponding to the following monomers, which how-
ever are nonlimiting.

The use of such repeating structural units would enable fine
regulation of the required properties of resin (A), especially:
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(1) solubility in applied solvents,

(2) film forming easiness (glass transition point),

(3) alkali developability,

(4) film thinning (selections of hydrophilicity/hydropho-
bicity and alkali-soluble group),

(5) adhesion of unexposed area to substrate,

(6) dry etching resistance, etc.

As appropriate monomers, there can be mentioned, for
example, a compound having an unsaturated bond capable of
addition polymerization, selected from among acrylic esters,
methacrylic esters, acrylamides, methacrylamides, allyl com-
pounds, vinyl ethers, vinyl esters and the like.

In addition, any unsaturated compound capable of addition
polymerization that is copolymerizable with monomers cor-
responding to the above various repeating structural units
may be copolymerized therewith.

The molar ratios of individual repeating structural units
contained in resin (A) are appropriately determined from the
viewpoint of regulation of not only the dry etching resistance
of the resist but also the standard developer adaptability,
substrate adhesion, resist profile and generally required prop-
erties of the resist such as the resolving power, heat resistance
and sensitivity.

When the composition of the present invention is one for
ArF exposure, it is preferred for resin (A) to have no aromatic
group and to have an alicyclic hydrocarbon structure of a
single ring or multiple rings from the viewpoint of transpar-
ency to ArF beams.

From the viewpoint of the compatibility with the resin (C),
it is preferred for resin (A) to contain neither a fluorine atom
nor a silicon atom.

In resin (A), preferably, all the repeating units consist of
(meth)acrylate repeating units. In that instance, use can be
made of any of a resin wherein all the repeating units consist
of'methacrylate repeating units, a resin wherein all the repeat-
ing units consist of acrylate repeating units and a resin
wherein all the repeating units consist of methacrylate repeat-
ing units and acrylate repeating units. However, it is preferred
for the acrylate repeating units to account for 50 mol % or less
of all the repeating units. It is more preferred to employ a
copolymer containing 20 to 50 mol % of (meth)acrylate
repeating units having an acid-decomposable group of gen-
eral formula (AI), 20 to 50 mol % of (meth)acrylate repeating
units having a lactone group, 5 to 30 mol % of (meth)acrylate
repeating units having an alicyclic hydrocarbon structure sub-
stituted with a hydroxyl group or a cyano group and 0 to 20
mol % of other (meth)acrylate repeating units.

In the event of exposing the actinic-ray- or radiation-sen-
sitive resin composition of the present invention to KrF exci-
mer laser beams, electron beams, X-rays or high-energy light
rays of wavelength 50 nm or less (EUV, etc.), it is preferred
for resin (A) to further have hydroxystyrene repeating units.
More preferably, resin (A) has hydroxystyrene repeating
units, hydroxystyrene repeating units protected by an acid-
decomposable group and acid-decomposable repeating units
of'a (meth)acrylic acid tertiary alkyl ester, etc.

As preferred repeating units having an acid-decomposable
group, there can be mentioned, for example, repeating units
derived from t-butoxycarbonyloxystyrene, a 1-alkoxy-
ethoxystyrene and a (meth)acrylic acid tertiary alkyl ester.
Repeating units derived from a 2-alkyl-2-adamantyl (meth)
acrylate and a dialkyl(1-adamantyl)methyl (meth)acrylate
are more preferred.

Resin (A) can be synthesized by conventional techniques
(for example, radical polymerization). As general synthetic
methods, there can be mentioned, for example, a batch poly-
merization method in which a monomer species and an ini-
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tiator are dissolved in a solvent and heated so as to accomplish
polymerization and a dropping polymerization method in
which a solution of monomer species and initiator is added by
dropping to a heated solvent over a period of 1 to 10 hours.
The dropping polymerization method is preferred. As a reac-
tion solvent, there can be mentioned, for example, an ether,
such as tetrahydrofuran, 1,4-dioxane or diisopropyl ether; a
ketone, such as methyl ethyl ketone or methyl isobutyl
ketone; an ester solvent, such as ethyl acetate; an amide
solvent, such as dimethylformamide or dimethylacetamide;
or the solvent capable of dissolving the composition of the
present invention, such as propylene glycol monomethyl
ether acetate, propylene glycol monomethyl ether or cyclo-
hexanone, to be described hereinafter. It is preferred to per-
form the polymerization with the use of the same solvent as
employed in the actinic-ray- or radiation-sensitive resin com-
position of the present invention. This would inhibit any
particle generation during storage.

The polymerization reaction is preferably carried out in an
atmosphere of inert gas, such as nitrogen or argon. The poly-
merization is initiated by the use of a commercially available
radical initiator (azo initiator, peroxide, etc.) as a polymer-
ization initiator. Among the radical initiators, an azo initiator
is preferred. An azo initiator having an ester group, a cyano
group or a carboxyl group is especially preferred. As pre-
ferred initiators, there can be mentioned azobisisobutyroni-
trile, azobisdimethylvaleronitrile, dimethyl 2,2'-azobis(2-
methylpropionate) and the like. According to necessity, a
supplementation of initiator or divided addition thereof may
be effected. After the completion of the reaction, the reaction
mixture is poured into a solvent. The desired polymer is
recovered by a method for powder or solid recovery, etc. The
concentration during the reaction is in the range of 5 to 50
mass %, preferably 10 to 30 mass %. The reaction tempera-
ture is generally in the range of 10° to 150° C., preferably 30°
to 120° C. and more preferably 60° to 100° C.

The weight average molecular weight of resin (A) in terms
of polystyrene molecular weight as measured by GPC is
preferably in the range of 1,000 to 200,000, more preferably
2,000 to 20,000, still more preferably 3,000 to 15,000 and
further preferably 5,000 to 13,000. The regulation of the
weight average molecular weight to 1000 to 200,000 would
prevent deteriorations of heat resistance and dry etching resis-
tance and also prevent deterioration of developability and
increase of viscosity leading to poor film forming property.

Use is made of the resin whose dispersity (molecular
weight distribution) is generally in the range of 1 to 3, pref-
erably 1 to 2.6, more preferably 1 to 2 and most preferably 1.4
to 2.0. The lower the molecular weight distribution, the more
excellent the resolving power and pattern profile and the
smoother the side wall of the resist pattern to thereby attain an
excellence in roughness.

In the present invention, the content ratio of resin (A) based
on the total solid content of the whole composition is gener-
ally in the range of 50 to 99 mass %, more preferably 60 to 95
mass %.

The above resin (A) according to the present invention may
be used in combination with other resins in such a ratio that
the effect of the present invention is not deteriorated. As the
resins other than the resin (A) according to the present inven-
tion, there can be mentioned acid-decomposable resins
optionally containing any of the above repeating units that
can be introduced in resin (A) and other heretofore known
acid-decomposable resins.

10

15

20

25

30

35

40

45

50

55

60

65

138

[3] Compound (B) that when Exposed to Actinic Rays or
Radiation, Generates an Acid

The composition of the present invention contains a com-
pound (B) that when exposed to actinic rays or radiation,
generates an acid (hereinafter also referred to as “acid gen-
erator”).

As the acid generators, use can be made of a member
appropriately selected from among a photoinitiator for pho-
tocationic polymerization, a photoinitiator for photoradical
polymerization, a photo-achromatic agent and photo-discol-
oring agent for dyes, any of publicly known compounds that
when exposed to actinic rays or radiation, generate an acid,
employed in microresists, etc., and mixtures thereof.

For example, as the acid generator, there can be mentioned
a diazonium salt, a phosphonium salt, a sulfonium salt, an
iodonium salt, an imide sulfonate, an oxime sulfonate, dia-
zosulfone, disulfone or o-nitrobenzyl sulfonate.

As preferred compounds among the acid generators, there
can be mentioned those of general formulae (Z1), (ZII) and
(Z111), below.

@D

(Z1I0)

(ZIIT)

In general formula (ZI),

each of R,,;, R,o, and R,,; independently represents an
organic group.

The number of carbon atoms of the organic group repre-
sented by R,;, R,4, and R, is generally in the range of 1 to
30, preferably 1 to 20.

Two of R, to R,y; may be bonded with each other to
thereby form a ring structure, and the ring within the same
may contain an oxygen atom, a sulfur atom, an ester bond, an
amido bond or a carbonyl group. As the group formed by
bonding of two of R, to R,,;, there can be mentioned an
alkylene group (for example, a butylene group or a pentylene
group).

7" represents a nonnucleophilic anion.

As the nonnucleophilic anion represented by 77, there can
be mentioned, for example, a sulfonate anion, a carboxylate
anion, a sulfonylimido anion, a bis(alkylsulfonyl)imido
anion, a tris(alkylsulfonyl)methyl anion or the like.

The nonnucleophilic anion means an anion whose capabil-
ity of inducing a nucleophilic reaction is extremely low and is
an anion capable of inhibiting any temporal decomposition
by intramolecular nucleophilic reaction. This would realize
an enhancement of the temporal stability of the actinic-ray- or
radiation-sensitive resin composition.

As the sulfonate anion, there can be mentioned, for
example, an aliphatic sulfonate anion, an aromatic sulfonate
anion, a camphor sulfonate anion or the like.

As the carboxylate anion, there can be mentioned, for
example, an aliphatic carboxylate anion, an aromatic car-
boxylate anion, an aralkyl carboxylate anion or the like.
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The aliphatic moiety of the aliphatic sulfonate anion and
the aliphatic carboxylate anion may be an alkyl group or a
cycloalkyl group, being preferably an alkyl group having 1 to
30 carbon atoms or a cycloalkyl group having 3 to 30 carbon
atoms. As such, there can be mentioned, for example, a
methyl group, an ethyl group, a propyl group, an isopropyl
group, an n-butyl group, an isobutyl group, a sec-butyl group,
a pentyl group, a neopentyl group, a hexyl group, a heptyl
group, an octyl group, a nonyl group, a decyl group, an
undecyl group, a dodecyl group, a tridecyl group, a tetradecyl
group, a pentadecyl group, a hexadecyl group, a heptadecyl
group, an octadecyl group, a nonadecyl group, an eicosyl
group, a cyclopropyl group, a cyclopentyl group, a cyclo-
hexyl group, an adamantyl group, a norbornyl group, a boro-
nyl group or the like.

As a preferred aromatic group of the aromatic sulfonate
anion and the aromatic carboxylate anion, there can be men-
tioned an aryl group having 6 to 14 carbon atoms, for
example, a phenyl group, a tolyl group, a naphthyl group or
the like.

The alkyl group, cycloalkyl group and aryl group of the
aliphatic sulfonate anion and aromatic sulfonate anion may
have a substituent. As the substituent of the alkyl group,
cycloalkyl group and aryl group of the aliphatic sulfonate
anion and aromatic sulfonate anion, there can be mentioned,
for example, a nitro group, a halogen atom (fluorine atom,
chlorine atom, bromine atom or iodine atom), a carboxyl
group, a hydroxyl group, an amino group, a cyano group, an
alkoxy group (preferably having 1 to 15 carbon atoms), a
cycloalkyl group (preferably having 3 to 15 carbon atoms), an
aryl group (preferably having 6 to 14 carbon atoms), an
alkoxycarbonyl group (preferably having 2 to 7 carbon
atoms), an acyl group (preferably having 2 to 12 carbon
atoms), an alkoxycarbonyloxy group (preferably having 2 to
7 carbon atoms), an alkylthio group (preferably having 1 to 15
carbon atoms), an alkylsulfonyl group (preferably having 1 to
15 carbon atoms), an alkyliminosulfonyl group (preferably
having 2 to 15 carbon atoms), an aryloxysulfonyl group (pref-
erably having 6 to 20 carbon atoms), an alkylaryloxysulfonyl
group (preferably having 7 to 20 carbon atoms), a cycloalky-
laryloxysulfonyl group (preferably having 10 to 20 carbon
atoms), an alkyloxyalkyloxy group (preferably having 5 to 20
carbon atoms), a cycloalkylalkyloxyalkyloxy group (prefer-
ably having 8 to 20 carbon atoms) or the like. The aryl group
or ring structure of these groups may further have an alkyl
group (preferably having 1 to 15 carbon atoms) as its sub-
stituent.

As a preferred aralkyl group of the aralkyl carboxylate
anion, there can be mentioned an aralkyl group having 6 to 12
carbon atoms, for example, a benzyl group, a phenethyl
group, a naphthylmethyl group, a naphthylethyl group, a
naphthylbutyl group or the like.

The alkyl group, cycloalkyl group, aryl group and aralkyl
group of the aliphatic carboxylate anion, aromatic carboxy-
late anion and aralkyl carboxylate anion may have a substitu-
ent. As the substituent, there can be mentioned, for example,
the same halogen atom, alkyl group, cycloalkyl group, alkoxy
group, alkylthio group, etc. as mentioned with respect to the
aromatic sulfonate anion.

As the sulfonylimido anion, there can be mentioned, for
example, a saccharin anion.

The alkyl group of the bis(alkylsulfonyl)imido anion and
tris(alkylsulfonyl)methyl anion is preferably an alkyl group
having 1 to 5 carbon atoms. As such, there can be mentioned,
for example, a methyl group, an ethyl group, a propyl group,
an isopropyl group, an n-butyl group, an isobutyl group, a
sec-butyl group, a pentyl group, a neopentyl group or the like.
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As a substituent of these alkyl groups, there can be mentioned
a halogen atom, an alkyl group substituted with a halogen
atom, an alkoxy group, an alkylthio group, an alkyloxysulfo-
nyl group, an aryloxysulfonyl group, a cycloalkylaryloxysul-
fonyl group or the like. An alkyl group substituted with a
fluorine atom is preferred.

As the other nonnucleophilic anions, there can be men-
tioned, for example, phosphorus fluoride, boron fluoride,
antimony fluoride and the like.

The nonnucleophilic anion represented by Z~ is preferably
selected from among an aliphatic sulfonate anion substituted
at its a-position of sulfonic acid with a fluorine atom, an
aromatic sulfonate anion substituted with a fluorine atom or a
group having a fluorine atom, a bis(alkylsulfonyl)imido anion
whose alkyl group is substituted with a fluorine atom and a
tris(alkylsulfonyl)methide anion whose alkyl group is substi-
tuted with a fluorine atom. More preferably, the nonnucleo-
philic anion is a perfluorinated aliphatic sulfonate anion hav-
ing 4 to 8 carbon atoms or a benzene sulfonate anion having
a fluorine atom. Still more preferably, the nonnucleophilic
anion is a nonafluorobutane sulfonate anion, a perfluorooc-
tane sulfonate anion, a pentatluorobenzene sulfonate anion or
a 3,5-bis(trifluoromethyl)benzene sulfonate anion.

As the organic groups represented by R,,,, Ry, and R,
there can be mentioned, for example, groups corresponding
to the following compounds (Z1-1), (Z1-2), (ZI-3) and (Z1-4).

Appropriate use may be made of compounds with two or
more of the structures of general formula (ZI). For example,
use may be made of compounds having a structure wherein at
least one of R, to R,,; of a compound of general formula
(Z1) is bonded with at least one of R,,, to R,,; of another
compound of general formula (Z1) through a single bond or a
connecting group.

As more preferred (Z1) components, there can be men-
tioned the following compounds (ZI-1), (ZI-2), (ZI-3) and
(71-4).

The compounds (ZI-1) are arylsulfonium compounds of
general formula (Z]) wherein at least one of R, 4, to R,p; isan
aryl group, namely, compounds containing an arylsulfonium
as a cation.

In the arylsulfonium compounds, all of the R,,; to R,5
may be aryl groups. It is also appropriate that the R, to R, 5
are partially an aryl group and the remainder is an alkyl group
or a cycloalkyl group.

As the arylsulfonium compounds, there can be mentioned,
for example, a triarylsulfonium compound, a diarylalkylsul-
fonium compound, an aryldialkylsulfonium compound, a
diarylcycloalkylsulfonium compound and an aryldicy-
cloalkylsulfonium compound.

The aryl group of the arylsulfonium compounds is prefer-
ably a phenyl group or a naphthyl group, more preferably a
phenyl group. The aryl group may be one having a heterocy-
clic structure containing an oxygen atom, nitrogen atom,
sulfur atom or the like. As the aryl group having a heterocyclic
structure, there can be mentioned, for example, a pyrrole
residue, a furan residue, a thiophene residue, an indole resi-
due, a benzofuran residue, a benzothiophene residue or the
like. When the arylsulfonium compound has two or more aryl
groups, the two or more aryl groups may be identical to or
different from each other.

The alkyl group or cycloalkyl group contained in the aryl-
sulfonium compound according to necessity is preferably a
linear or branched alkyl group having 1 to 15 carbon atoms or
a cycloalkyl group having 3 to 15 carbon atoms. As such,
there can be mentioned, for example, a methyl group, an ethyl
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group, a propyl group, an n-butyl group, a sec-butyl group, a
t-butyl group, a cyclopropyl group, a cyclobutyl group, a
cyclohexyl group or the like.

The aryl group, alkyl group or cycloalkyl group repre-
sented by R,,; to R,,; may have as its substituent an alkyl
group (for example, 1 to 15 carbon atoms), a cycloalkyl group
(for example, 3 to 15 carbon atoms), an aryl group (for
example, 6 to 14 carbon atoms), an alkoxy group (for
example, 1 to 15 carbon atoms), a halogen atom, a hydroxyl
group or a phenylthio group. Preferred substituents are a
linear or branched alkyl group having 1 to 12 carbon atoms, a
cycloalkyl group having 3 to 12 carbon atoms and a linear,
branched or cyclic alkoxy group having 1 to 12 carbon atoms.
More preferred substituents are an alkyl group having 1 to 4
carbon atoms and an alkoxy group having 1 to 4 carbon
atoms. The substituents may be contained in any one of the
three R,,; to R,q5, or alternatively may be contained in all
three of R,,; to R,45. When R,; to R,; represent an aryl
group, the substituent preferably lies at the p-position of the
aryl group.

Now, the compounds (Z1-2) will be described.

The compounds (Z1-2) are compounds of formula (ZI)
wherein each of R,,; to R,y; independently represents an
organic group having no aromatic ring. The aromatic rings
include an aromatic ring having a heteroatom.

The organic group having no aromatic ring represented by
R,q; to R, 5 generally has 1 to 30 carbon atoms, preferably 1
to 20 carbon atoms.

Preferably, each of R, to R,,; independently represents
an alkyl group, a cycloalkyl group, an allyl group or a vinyl
group. More preferred groups are a linear or branched
2-oxoalkyl group, a 2-oxocycloalkyl group and an alkoxycar-
bonylmethyl group. Especially preferred is a linear or
branched 2-oxoalkyl group.

As preferred alkyl groups and cycloalkyl groups repre-
sented by R,,; to R,q;, there can be mentioned a linear or
branched alkyl group having 1 to 10 carbon atoms (for
example, a methyl group, an ethyl group, a propyl group, a
butyl group or a pentyl group) and a cycloalkyl group having
3 to 10 carbon atoms (a cyclopentyl group, a cyclohexyl
group or a norbornyl group). As more preferred alkyl groups,
there can be mentioned a 2-oxoalkyl group and an alkoxycar-
bonylmethyl group. As more preferred cycloalkyl group,
there can be mentioned a 2-oxocycloalkyl group.

The 2-oxoalkyl group may be linear or branched. A group
having >C—0O at the 2-position of the alkyl group is pre-
ferred.

The 2-oxocycloalkyl group is preferably a group having
>C—0 at the 2-position of the cycloalkyl group.

As preferred alkoxy groups of the alkoxycarbonylmethyl
group, there can be mentioned alkoxy groups having 1 to 5
carbon atoms (a methoxy group, an ethoxy group, a propoxy
group, a butoxy group and a pentoxy group).

The R,,, to R,,; may be further substituted with a halogen
atom, an alkoxy group (for example, 1 to 5 carbon atoms), a
hydroxyl group, a cyano group or a nitro group.

Specific examples of the cations of the compounds repre-
sented by general formula (Z1-2) of the present invention will
be shown below.
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Now, the compounds (Z1-3) will be described.

The compounds (Z1-3) are those represented by the follow-
ing general formula (ZI-3) which have a phenacylsulfonium
salt structure.

(Z1-3)
Rie o] R,
4
Ry, S ~
Ry
Zc
R Rge

R3c RSC

Ry

In general formula (Z1-3),

each of R, to Rs, independently represents a hydrogen
atom, an alkyl group, a cycloalkyl group, an alkoxy group, a
halogen atom or a phenylthio group.

Each of R, and R, _ independently represents a hydrogen
atom, an alkyl group, a cycloalkyl group, halogen atom, a
cyano group or an aryl group.

BachofR, and R independently represents an alkyl group,
a cycloalkyl group, a 2-oxoalkyl group, a 2-oxocycloalkyl
group, an alkoxycarbonylalkyl group, an allyl group or a
vinyl group.

Anytwoormoreof R, toR;_andR,_ andR,_,andR_ and
R, may be bonded with each other to thereby form a ring
structure. This ring structure may contain an oxygen atom, a
sulfur atom, an ester bond or an amido bond. As the group
formed by bonding of any two or more of R, .to R5_, and R,
and R, _, and R_and R, there can be mentioned a butylene
group, a pentylene group or the like.

Zc™ represents a nonnucleophilic anion. There can be men-
tioned the same nonnucleophilic anions as mentioned with
respect to the Z~ of the general formula (ZI).

The alkyl group represented by R, . to R, _may be linear or
branched. As such, there can be mentioned, for example, an
alkyl group having 1 to 20 carbon atoms, preferably a linear or
branched alkyl group having 1 to 12 carbon atoms (for
example, a methyl group, an ethyl group, a linear or branched
propyl group, a linear or branched butyl group or a linear or
branched pentyl group). As the cycloalkyl group, there can be
mentioned, for example, a cycloalkyl group having 3 to 8
carbon atoms (for example, a cyclopentyl group or a cyclo-
hexyl group).

The alkoxy group represented by R, . to R, may be linear,
or branched, or cyclic. As such, there can be mentioned, for
example, an alkoxy group having 1 to 10 carbon atoms, pref-
erably a linear or branched alkoxy group having 1 to 5 carbon
atoms (for example, a methoxy group, an ethoxy group, a
linear or branched propoxy group, a linear or branched
butoxy group or a linear or branched pentoxy group) and a
cycloalkoxy group having 3 to 8 carbon atoms (for example,
a cyclopentyloxy group or a cyclohexyloxy group).

Preferably, any one of R, to Rs, is a linear or branched
alkyl group, a cycloalkyl group or a linear, branched or cyclic
alkoxy group. More preferably, the sum of carbon atoms of
R,.to Ry, is in the range of 2 to 15. Accordingly, there can be
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attained an enhancement of solvent solubility and inhibition
of particle generation during storage.

Each of the aryl groups represented by R, and R, prefer-
ably has 5 to 15 carbon atoms. As such, there can be men-
tioned, for example, a phenyl group or a naphthyl group.

When R, and R,_are bonded to each other to thereby form
a ring, the group formed by the bonding of R, and R,_ is
preferably an alkylene group having 2 to 10 carbon atoms. As
such, there can be mentioned, for example, an ethylene group,
a propylene group, a butylene group, a pentylene group, a
hexylene group or the like. Further, the ring formed by the
bonding of R, and R,_ may have a heteroatom, such as an
oxygen atom, in the ring.

As the alkyl groups and cycloalkyl groups represented by
R, and R, there can be mentioned the same alkyl groups and
cycloalkyl groups as set forth above withrespecttoR | .toR,..

As the 2-oxoalkyl group and 2-oxocycloalkyl group, there
can be mentioned the alkyl group and cycloalkyl group rep-
resented by R, . to R, having >0=0 at the 2-position thereof.

With respect to the alkoxy group of the alkoxycarbonyla-
Ikyl group, there can be mentioned the same alkoxy groups as
mentioned above with respect to R, to Rs.. As the alkyl
group thereof, there can be mentioned, for example, an alkyl
group having 1 to 12 carbon atoms, preferably a linear alkyl
group having 1 to 5 carbon atoms (e.g., a methyl group or an
ethyl group).

The allyl groups are not particularly limited. However,
preferred use is made of an unsubstituted allyl group or an
allyl group substituted with a cycloalkyl group of a single ring
or multiple rings.

The vinyl groups are not particularly limited. However,
preferred use is made of an unsubstituted vinyl group or a
vinyl group substituted with a cycloalkyl group of a single
ring or multiple rings.

As the ring structure that may be formed by the mutual
bonding of R, and R, there can be mentioned a 5-membered
or 6-membered ring, especially preferably a S5-membered
ring (namely, a tetrahydrothiophene ring), formed by bivalent
R, and R, (for example, a methylene group, an ethylene
group, a propylene group or the like) in cooperation with the
sulfur atom of general formula (Z1-3).

BachofR, and R, is preferably an alkyl group or cycloalkyl
group having preferably 4 or more carbon atoms. The alkyl
group or cycloalkyl group has more preferably 6 or more
carbon atoms and still more preferably 8 or more carbon
atoms.

Specific examples of the cations of the compounds repre-
sented by general formula (Z1-3) of the present invention will
be shown below.
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Now, the compounds (Z1-4) will be described.
The compounds (Z1-4) are those of general formula (Z1-4)
below.

(Z1-4)

Rjs—S !
15 @ |
Ris

In general formula (Z1-4),

R, ; represents any of a hydrogen atom, a fluorine atom, a
hydroxyl group, an alkyl group, a cycloalkyl group, an alkoxy
group, an alkoxycarbonyl group and a group with a cycloalkyl
skeleton of a single ring or multiple rings. These groups may
have substituents.

R, each independently in the instance of R, s, represents
any of an alkyl group, a cycloalkyl group, an alkoxy group, an
alkoxycarbonyl group, an alkylcarbonyl group, an alkylsul-
fonyl group, a cycloalkylsulfonyl group and a group with a
cycloalkyl skeleton of a single ring or multiple rings. These
groups may have substituents.

Each of R, 5, independently represents an alkyl group, a
cycloalkyl group or a naphthyl group, provided that the two
R,s, may be bonded to each other to thereby form a ring.
These groups may have substituents.

In the formula, 1 is an integer of 0 to 2, and

ris an integer of 0 to 8.
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7" represents a nonnucleophilic anion. As such, there can
be mentioned any of the same nonnucleophilic anions as
mentioned with respect to the Z~ of the general formula (ZI).

In general formula (Z1-4), the alkyl groups represented by
R,5, R, and R, 5 may be linear or branched and preferably
each have 1 to 10 carbon atoms. As such, there can be men-
tioned a methyl group, an ethyl group, an n-propyl group, an
i-propyl group, an n-butyl group, a 2-methylpropyl group, a
1-methylpropyl group, a t-butyl group, an n-pentyl group, a
neopentyl group, an n-hexyl group, an n-heptyl group, an
n-octyl group, a 2-ethylhexyl group, an n-nonyl group, an
n-decyl group and the like. Of these alkyl groups, a methyl
group, an ethyl group, an n-butyl group, a t-butyl group and
the like are preferred.

As the cycloalkyl groups represented by R 5, R;, and R,
there can be mentioned cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cycloheptyl, cyclooctyl, cyclododecanyl, cyclo-
pentenyl, cyclohexenyl, cyclooctadienyl, norbornyl, tricyclo-
decanyl, tetracyclodecanyl, adamantyl and the like. Cyclo-
propyl, cyclopentyl, cyclohexyl and cyclooctyl are especially
preferred.

The alkoxy groups represented by R,; and R, may be
linear or branched and preferably each have 1 to 10 carbon
atoms. As such, there can be mentioned, for example, a meth-
oxy group, an ethoxy group, an n-propoxy group, an i-pro-
POXy group, an n-butoxy group, a 2-methylpropoxy group, a
1-methylpropoxy group, a t-butoxy group, an n-pentyloxy
group, a neopentyloxy group, an n-hexyloxy group, ann-hep-
tyloxy group, an n-octyloxy group, a 2-ethylhexyloxy group,
an n-nonyloxy group, an n-decyloxy group and the like. Of
these alkoxy groups, a methoxy group, an ethoxy group, an
n-propoxy group, an n-butoxy group and the like are pre-
ferred.

The alkoxycarbonyl group represented by R | ; and R, , may
be linear or branched and preferably has 2 to 11 carbon atoms.
As such, there can be mentioned, for example, a methoxycar-
bonyl group, an ethoxycarbonyl group, an n-propoxycarbo-
nyl group, an i-propoxycarbonyl group, an n-butoxycarbonyl
group, a 2-methylpropoxycarbonyl group, a 1-methylpro-
poxycarbonyl group, a t-butoxycarbonyl group, an n-penty-
loxycarbonyl group, a neopentyloxycarbonyl group, an
n-hexyloxycarbonyl group, an n-heptyloxycarbonyl group,
an n-octyloxycarbonyl group, a 2-ethylhexyloxycarbonyl
group, an n-nonyloxycarbonyl group, an n-decyloxycarbonyl
group and the like. Of these alkoxycarbonyl groups, a meth-
oxycarbonyl group, an ethoxycarbonyl group, an n-butoxy-
carbonyl group and the like are preferred.

As the groups with a cycloalkyl skeleton of a single ring or
multiple rings represented by R ; and R, ,, there can be men-
tioned, for example, a cycloalkyloxy group of a single ring or
multiple rings and an alkoxy group with a cycloalkyl group of
a single ring or multiple rings. These groups may further have
substituents.

With respect to each ofthe cycloalkyloxy groups of a single
ring or multiple rings represented by R, ; and R, the sum of
carbon atoms thereof is preferably 7 or greater, more prefer-
ably in the range of 7 to 15. Further, having a cycloalkyl
skeleton of a single ring is preferred. The cycloalkyloxy
group of a single ring of which the sum of carbon atoms is 7
or greater is one composed of a cycloalkyloxy group, such as
a cyclopropyloxy group, a cyclobutyloxy group, a cyclopen-
tyloxy group, a cyclohexyloxy group, a cycloheptyloxy
group, a cyclooctyloxy group or a cyclododecanyloxy group,
optionally having a substituent selected from among an alkyl
group such as methyl, ethyl, propyl, butyl, pentyl, hexyl,
heptyl, octyl, dodecyl, 2-ethylhexyl, isopropyl, sec-butyl,
t-butyl or isoamyl, a hydroxyl group, a halogen atom (fluo-
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rine, chlorine, bromine or iodine), a nitro group, a cyano
group, an amido group, a sulfonamido group, an alkoxy group
such as methoxy, ethoxy, hydroxyethoxy, propoxy, hydrox-
ypropoxy or butoxy, an alkoxycarbonyl group such as meth-
oxycarbonyl or ethoxycarbonyl, an acyl group such as
formyl, acetyl or benzoyl, an acyloxy group such as acetoxy
or butyryloxy, a carboxyl group and the like, provided that the
sum of carbon atoms thereof, including those of any optional
substituent introduced in the cycloalkyl group, is 7 or greater.

As the cycloalkyloxy group of multiple rings of which the
sum of carbon atoms is 7 or greater, there can be mentioned a
norbornyloxy group, a tricyclodecanyloxy group, a tetracy-
clodecanyloxy group, an adamantyloxy group or the like.

With respect to each of the alkyloxy groups having a
cycloalkyl skeleton of a single ring or multiple rings repre-
sented by R, ; and R, the sum of carbon atoms thereof is
preferably 7 or greater, more preferably in the range of 7 to 15.
Further, the alkoxy group having a cycloalkyl skeleton of a
single ring is preferred. The alkoxy group having a cycloalkyl
skeleton of a single ring of which the sum of carbon atoms is
7 or greater is one composed of an alkoxy group, such as
methoxy, ethoxy, propoxy, butoxy, pentyloxy, hexyloxy, hep-
toxy, octyloxy, dodecyloxy, 2-ethylhexyloxy, isopropoxy,
sec-butoxy, t-butoxy or isoamyloxy, substituted with the
above optionally substituted cycloalkyl group of a single ring,
provided that the sum of carbon atoms thereof, including
those of the substituents, is 7 or greater. For example, there
can be mentioned a cyclohexylmethoxy group, a cyclopen-
tylethoxy group, a cyclohexylethoxy group or the like. A
cyclohexylmethoxy group is preferred.

As the alkoxy group having a cycloalkyl skeleton of mul-
tiple rings of which the sum of carbon atoms is 7 or greater,
there can be mentioned a norbornylmethoxy group, a nor-
bornylethoxy group, a tricyclodecanylmethoxy group, a tri-
cyclodecanylethoxy group, a tetracyclodecanylmethoxy
group, a tetracyclodecanylethoxy group, an adamantyl-
methoxy group, an adamantylethoxy group and the like. Of
these, a norbornylmethoxy group, a norbornylethoxy group
and the like are preferred.

With respect to the alkyl group of the alkylcarbonyl group
represented by R, ,, there can be mentioned the same specific
examples as mentioned above with respect to the alkyl groups
represented by R;; to R 5.

The alkylsulfonyl and cycloalkylsulfonyl groups repre-
sented by R, , may be linear, branched or cyclic and prefer-
ably each have 1 to 10 carbon atoms. As such, there can be
mentioned, for example, a methanesulfonyl group, an ethane-
sulfonyl group, an n-propanesulfonyl group, an n-butane-
sulfonyl group, a tert-butanesulfonyl group, an n-pentane-
sulfonyl group, a neopentanesulfonyl group, an
n-hexanesulfonyl group, an n-heptanesulfonyl group, an
n-octanesulfonyl group, a 2-ethylhexanesulfonyl group, an
n-nonanesulfonyl group, an n-decanesulfonyl group, a cyclo-
pentanesulfonyl group, a cyclohexanesulfonyl group and the
like. Of these alkylsulfonyl and cycloalkylsulfonyl groups, a
methanesulfonyl group, an ethanesulfonyl group, an n-pro-
panesulfonyl group, an n-butanesulfonyl group, a cyclopen-
tanesulfonyl group, a cyclohexanesulfonyl group and the like
are preferred.

Each of the groups may have a substituent. As such a
substituent, there can be mentioned, for example, a halogen
atom (e.g., a fluorine atom), a hydroxyl group, a carboxyl
group, a cyano group, a nitro group, an alkoxy group, an
alkoxyalkyl group, an alkoxycarbonyl group, an alkoxycar-
bonyloxy group or the like.

As the alkoxy group, there can be mentioned, for example,
a linear, branched or cyclic alkoxy group having 1 to 20
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carbon atoms, such as a methoxy group, an ethoxy group, an
N-propoxy group, an i-propoxy group, an n-butoxy group, a
2-methylpropoxy group, a 1-methylpropoxy group, a t-bu-
toxy group, a cyclopentyloxy group or a cyclohexyloxy
group.

As the alkoxyalkyl group, there can be mentioned, for
example, a linear, branched or cyclic alkoxyalkyl group hav-
ing 2 to 21 carbon atoms, such as a methoxymethyl group, an
ethoxymethyl group, a 1-methoxyethyl group, a 2-methoxy-
ethyl group, a 1-ethoxyethyl group or a 2-ethoxyethyl group.

As the alkoxycarbonyl group, there can be mentioned, for
example, a linear, branched or cyclic alkoxycarbonyl group
having 2 to 21 carbon atoms, such as a methoxycarbonyl
group, an ethoxycarbonyl group, an n-propoxycarbonyl
group, an i-propoxycarbonyl group, an n-butoxycarbonyl
group, a 2-methylpropoxycarbonyl group, a 1-methylpro-
poxycarbonyl group, a t-butoxycarbonyl group, a cyclopen-
tyloxycarbonyl group or a cyclohexyloxycarbonyl group.

As the alkoxycarbonyloxy group, there can be mentioned,
for example, a linear, branched or cyclic alkoxycarbonyloxy
group having 2 to 21 carbon atoms, such as a methoxycarbo-
nyloxy group, an ethoxycarbonyloxy group, an n-propoxy-
carbonyloxy group, an i-propoxycarbonyloxy group, an
n-butoxycarbonyloxy group, a t-butoxycarbonyloxy group, a
cyclopentyloxycarbonyloxy group or a cyclohexyloxycarbo-
nyloxy group.

The cyclic structure that may be formed by the bonding of
the two R 5, to each other is preferably a 5- or 6-membered
ring, especially a S-membered ring (namely, a tetrahy-
drothiophene ring) formed by two bivalent R, ss in coopera-
tion with the sulfur atom of general formula (Z1-4). The cyclic
structure may condense with an aryl group or a cycloalkyl
group. The bivalent R, s may have substituents. As such
substituents, there can be mentioned, for example, a hydroxyl
group, a carboxyl group, a cyano group, a nitro group, an
alkoxy group, an alkoxyalkyl group, an alkoxycarbonyl
group, an alkoxycarbonyloxy group and the like as mentioned
above. It is especially preferred for the R, 5 of general formula
(Z1-4) to be a methyl group, an ethyl group, a naphthyl group,
the above-mentioned bivalent group allowing two R, 5, to be
bonded to each other so as to form a tetrahydrothiophene ring
structure in cooperation with the sulfur atom of the general
formula (ZI-4), or the like.

Each of R,; and R, may have a substituent. As such a
substituent, there can be mentioned, for example, a hydroxyl
group, an alkoxy group, an alkoxycarbonyl group, a halogen
atom (especially, a fluorine atom) or the like.

Inthe formula, 1is preferably O or 1, more preferably 1, and
r is preferably 0 to 2.

Specific examples of the cations of the compounds repre-
sented by general formula (Z1-4) of the present invention will
be shown below.
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Now, general formulae (ZII) and (ZIII) will be described.

In general formulae (ZI1) and (ZI1I),

each of R,,, to R,y, independently represents an aryl
group, an alkyl group or a cycloalkyl group.

The aryl group represented by each of R,, to Ry, is
preferably a phenyl group or a naphthyl group, more prefer-
ably a phenyl group. The aryl group represented by R, to
R,; may be one having a heterocyclic structure containing an
oxygen atom, nitrogen atom, sulfur atom or the like. As the
aryl group having a heterocyclic structure, there can be men-
tioned, for example, a pyrrole residue (a group formed by loss
of'one hydrogen atom from pyrrole), a furan residue (a group
formed by loss of one hydrogen atom from furan), a
thiophene residue (a group formed by loss of one hydrogen
atom from thiophene), an indole residue (a group formed by
loss of one hydrogen atom from indole), a benzofuran residue
(a group formed by loss of one hydrogen atom from benzo-
furan), a benzothiophene residue (a group formed by loss of
one hydrogen atom from benzothiophene) or the like.

As preferred alkyl groups and cycloalkyl groups repre-
sented by R,q, to R,y,, there can be mentioned a linear or
branched alkyl group having 1 to 10 carbon atoms (for
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example, a methyl group, an ethyl group, a propyl group, a
butyl group or a pentyl group) and a cycloalkyl group having
3 to 10 carbon atoms (a cyclopentyl group, a cyclohexyl
group or a norbornyl group).

The aryl group, alkyl group and cycloalkyl group repre-
sented by R, to R,,, may have a substituent. As a possible
substituent on the aryl group, alkyl group and cycloalkyl
group represented by R, to R, there can be mentioned,

for example, an alkyl group (for example, 1 to 15 carbon

atoms), a cycloalkyl group (for example, 3 to 15 carbon
atoms), an aryl group (for example, 6 to 15 carbon atoms), an
alkoxy group (for example, 1 to 15 carbon atoms), a halogen
atom, a hydroxyl group, a phenylthio group or the like.

7~ represents a nonnucleophilic anion. As such, there can
be mentioned the same nonnucleophilic anions as mentioned
with respect to the Z~ of the general formula (ZI).

As the acid generators, there can be further mentioned the

compounds of the following general formulae (ZIV), (ZV)
and (ZV]).
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In the general formulae (ZIV) to (ZVI),

each of Ar, and Ar, independently represents an aryl group.

Each of R,o5, R,0s and R, independently represents an
alkyl group, a cycloalkyl group or an aryl group.

A represents an alkylene group, an alkenylene group or an
arylene group.

Among the acid generators, the compounds of the general
formulae (ZI) to (ZIII) are more preferred.

As a preferred acid generator, there can be mentioned a
compound that generates an acid having one sulfonate group
or imido group. As a more preferred acid generator, there can
be mentioned a compound that generates a monovalent per-
fluoroalkanesulfonic acid, a compound that generates a
monovalent aromatic sulfonic acid substituted with a fluorine
atom or fluorine-atom-containing group, or a compound that
generates amonovalent imidic acid substituted with a fluorine
atom or fluorine-atom-containing group. As a still more pre-
ferred acid generator, there can be mentioned any of sulfo-
nium salts of fluorinated alkanesulfonic acid, fluorinated ben-
zenesulfonic acid, fluorinated imidic acid and fluorinated
methide acid. With respect to practicable acid generators, it is
especially preferred for the generated acid to be a fluorinated
alkanesulfonic acid, fluorinated benzenesulfonic acid or flu-
orinated imidic acid of -1 or below pKa. By the use thereof,
an enhancement of sensitivity can be attained.

Especially preferred examples of the acid generators are as
follows.
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Also, the compounds of general formula (I), below, may be atoms that may contain a cyclic ether, cyclic thioether, cyclic

contained in the composition of the present invention as com- 3, ketone, cyclic carbonic ester, lactone or lactam structure.

pound (B). Y represents a hydroxyl group, a halogen atom, a cyano

group, a carboxyl group, a hydrocarbon group having 1 to 10

O carbon atoms, a hydroxyalkyl group having 1 to 10 carbon

F atoms, an alkoxy group having 1 to 10 carbon atoms, an acyl
0 35 group having 2 to 10 carbon atoms, an alkoxycarbonyl group
X@ @O_g 2N R having 2 to 10 carbon atoms, an acyloxy group having 2 to 10
| F carbon atoms, an alkoxyalkyl group having 2 to 10 carbon
0 atoms, or a halogenated alkyl group having 1 to 8 carbon
0 atoms.
In general formula (I), X* represents an organic counter In the formula, m is an integer of 0 to 6. In the instance of
jon. multiple Ys, they may be identical to or different from each
R represents a hydrogen atom or an organic group. R is other. Further, n is an integer of 0 to 10.
preferably an organic group having 1 to 40 carbon atoms, The sum of carbon atoms constructing each of the

more preferably an organic group having 3 to 20 carbon 45 R-groups of the formula (II) is preferably 40 or less.
atoms and most preferably any of the organic groups of for-

mula (II) below.

The organic group represented by R essentially has one or
more carbon atoms. Preferably, the atom bonded to the oxy- )
gen atom of the ester bond appearing in general formula (Xa) s, The.molecular Welght of the compounds of general formu-
is a carbon atom. As the organic groups, there can be men- lae (I) is generally in the range 0 300 to 1000, preferably 400
tioned, for example, an alkyl group, a cycloalkyl group, an to 800 and more preferably 500 to 700.
aryl group, an aralkyl group and a group with a lactone As the organic counter ion represented by X*, there can be
structure. These groups in the chain thereof may have a het- mentioned, for example, a sulfonium cation or an iodonium
eroatom, such as an oxygen atom or a sulfur atom. These 55 cation.
groups may be introduced in each other as substituents, and
they may further have a substituent, such as ahydroxyl group,

Preferably, nis aninteger of O to 3, and it is preferred for Re
to be a monocyclic or polycyclic organic group having 7 to 16
carbon atoms.

As preferred forms of the compounds of general formula
(D), there can be mentioned the compounds of general formu-

an acyl group, an acyloxy group, an oxy group (—O) or a lae (7 d (7. bel
halogen atom. R is more preferably represented by general a¢ (Zscy) and (Zyc,) below.
formula (II), below. 0
Zsct
F
€8] (€]
—(CHy)y—Re— (V) Raol o Ny
le 0—s R
6 5N ¥
In general formula (II), Rc represents a cyclic organic Riz  Rogs o] 0

group of a single ring or multiple rings having 3 to 30 carbon
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In general formula (Z, ), the definition of R and preferred
scope thereof are the same as mentioned above in connection
with general formula (I).

The definitions, particular examples, preferred forms, etc.
of R,q;, R5y, and R,y; are the same as mentioned above in
connection with the R,,;, R,o, and R, of general formula 15
(ZD).

In general formula (7, ), the definition of R and preferred
scope thereof are the same as mentioned above in connection

with general formula (I). 2

The definitions, particular examples, preferred forms, etc.
ofR,,, and R, are the same as mentioned above in connec-
tion with the R,, and R, of general formula (ZII).

Particular examples of the compounds of general formula
(D are shown below, which should be construed as not limit- 25
ing the scope of useful compounds. In the formulae, the
molecular weight of each of the anions of the compounds is
indicated.
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The compounds of general formula (I) can be synthesized
by heretofore known methods, for example, by the method
described in JP-A-2007-161707.

The compounds of general formula (I) may be used indi-
vidually or in combination.

The content of the compounds that when exposed to actinic
rays or radiation, generates an acid, is preferably in the range
01'0.1 to 40 mass %, more preferably 1 to 30 mass % and still
more preferably 5 to 20 mass % based on the total solids of the
composition of the present invention.

[4] Low-Molecular Compound Containing a Group that
when Acted on by an Acid, is Cleaved (D)

The composition of the present invention can contain a
low-molecular compound containing a group that when acted
on by an acid, is cleaved (hereinafter also referred to as a
“low-molecular compound (D)” or “compound (D).”” The
group that when acted on by an acid, is cleaved is not particu-
larly limited. However, an acetal group, a carbonate group, a
carbamate group, a tertiary ester group, a tertiary hydroxyl
group and a hemiaminal ether group are preferred. A carbam-
ate group and a hemiaminal ether group are most preferred.

The molecular weight of the low-molecular compound (D)
containing a group that when acted on by an acid, is cleaved
is preferably in the range of 100 to 1000, more preferably 100
to 700 and most preferably 100 to 500.

When the low-molecular compound (D) contains a tertiary
ester structure, it is especially preferred for the compound to
be any of the carboxylic esters or unsaturated carboxylic
esters of general formula (1a) below.

(1a)

O/Ale
Rl

Rr!

X X

In general formula (1a), each of R's independently repre-
sents a monovalent alicyclic hydrocarbon group (preferably
having 4 to 20 carbon atoms) or a derivative thereof, or an
alkyl group (preferably having 1 to 4 carbon atoms), provided
that any two of R's may be bonded to each other to thereby
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form, in cooperation with the carbon atom to which the two
are bonded, a bivalent alicyclic hydrocarbon group (prefer-
ably having 4 to 20 carbon atoms) or a derivative thereof.

Each of X’s independently represents a hydrogen atom or
a hydroxyl group, provided that at least one thereof is a
hydroxyl group.

In general formula (la), A represents a single bond or a
bivalent connecting group. As the bivalent connecting group,
there can be mentioned, for example, a methylene group, a
methylenecarbonyl group, a methylenecarbonyloxy group,
an ethylene group, an ethylenecarbonyl group, an ethylen-
ecarbonyloxy group, a propylene group, a propylenecarbonyl
group, a propylenecarbonyloxy group or the like. A methyl-
enecarbonyloxy group is most preferred.

In general formula (Ia), as the monovalent alicyclic hydro-
carbon group (preferably having 4 to 20 carbon atoms) rep-
resented by R! or the bivalent alicyclic hydrocarbon group
(preferably having 4 to 20 carbon atoms) formed by the
mutual bonding of any two of R's, there can be mentioned, for
example, a group of alicyclic ring derived from norbornane,
tricyclodecane, tetracyclododecane, adamantane or a
cycloalkane, such as cyclobutane, cyclopentane, cyclohex-
ane, cycloheptane or cyclooctane; a group as obtained by
substituting this group of alicyclic ring with at least one or at
least one type of alkyl group having 1 to 4 carbon atoms, such
as a methyl group, an ethyl group, an n-propyl group, an
i-propyl group, an n-butyl group, a 2-methylpropyl group, a
1-methylpropyl group or a t-butyl group, or cycloalkyl group;
and the like. Among these alicyclic hydrocarbon groups, for
example, groups of alicyclic ring derived from norbornane,
tricyclodecane, tetracyclododecane, adamantane, cyclopen-
tane and cyclohexane and groups as obtained by substituting
these groups of alicyclic ring with the above alkyl groups are
preferred.

Further, as the derivatives of alicyclic hydrocarbon groups,
there can be mentioned, for example, those groups in which at
least one or at least one type of substituent, such as a hydroxyl
group; a carboxyl group; an oxo group (namely, —O group);
a hydroxyalkyl group having 1 to 4 carbon atoms, such as a
hydroxymethyl group, a 1-hydroxyethyl group, a 2-hydroxy-
ethyl group, a 1-hydroxypropyl group, a 2-hydroxypropyl
group, a 3-hydroxypropyl group, a 1-hydroxybutyl group, a
2-hydroxybutyl group, a 3-hydroxybutyl group or a 4-hy-
droxybutyl group; an alkoxyl group having 1 to 4 carbon
atoms, such as a methoxy group, an ethoxy group, an n-pro-
POXy group, an i-propoxy group, an n-butoxy group, a 2-me-
thylpropoxy group, a 1-methylpropoxy group or a t-butoxy
group; a cyano group; or a cyanoalkyl group having 2 to 5
carbon atoms, such as a cyanomethyl group, a 2-cyanoethyl
group, a 3-cyanopropyl group or a 4-cyanobutyl group, is
introduced. Among these substituents, a hydroxyl group, a
carboxyl group, a hydroxymethyl group, a cyano group, a
cyanomethyl group and the like are preferred.

As the alkyl group represented by R, there can be men-
tioned, for example, an alkyl group having 1 to 4 carbon
atoms, such as a methyl group, an ethyl group, an n-propyl
group, an i-propyl group, an n-butyl group, a 2-methylpropyl
group, a 1-methylpropyl group or a t-butyl group. Among
these alkyl groups, a methyl group, an ethyl group, an n-pro-
py! group and an i-propyl group are preferred.

As preferred particular examples thereof, there can be
mentioned the following compounds.

5

10

20

25

30

35

40

50

55

O

O

OH
HO OH
OH
HO
HO
OH
HO OH
OH
HO
HO
(6]
OH
(6]
HO OH



US 9,152,048 B2

195

-continued

OH

HO

@@

5%

HO

OH

i

%%ﬁ

HO OH

OH

e}

HO

e}

e
Yy
Yy
Yy
Yy

5%

HO

The low-molecular compound (D) to be employed may be
one commercially available, or one synthesized by heretofore
known methods.

Itis preferred for the low-molecular compound (D) to be an
amine derivative in which a group that when acted on by an
acid, is cleaved is contained on its nitrogen atom.

The low-molecular compound (D) may contain a carbam-
ate group having a protective group on its nitrogen atom. The
protective group as a constituent of the carbamate group can
be expressed by general formula (d-1) below.

O R’
)< ¢
O R’

In general formula (d-1),

@1

each of R’s independently represents a hydrogen atom, a
linear or branched alkyl group, a cycloalkyl group, an aryl
group, an aralkyl group or an alkoxyalkyl group. R’s may be
bonded to each other to thereby form a ring.
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Preferably, R' is a linear or branched alkyl group, a
cycloalkyl group or an aryl group, more preferably a linear or
branched alkyl group or a cycloalkyl group.
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The low-molecular compounds (D) can be formed by an
arbitrary combination of basic compounds to be described
hereinbelow with the structures of general formula (d-1).

Itis especially preferred for the low-molecular compounds
(D) to have the structures, of general formula (A) below.

The low-molecular compounds (D) may be compounds
corresponding to the above basic compounds as long as they
are low-molecular compounds containing a group that when
acted on by an acid, is cleaved.

@)
[0} Ry
<
( e )n\ N O Ry /.

In general formula (A), Ra represents a hydrogen atom, an
alkyl group, a cycloalkyl group, an aryl group or an aralkyl
group. When n=2, two Ra’s may be identical to or different
from each other, and two Ra’s may be bonded to each other to
thereby form a bivalent heterocyclic hydrocarbon group
(preferably up to 20 carbon atoms) or a derivative thereof.

Each of Rb’s independently represents a hydrogen atom,
an alkyl group, a cycloalkyl group, an aryl group, an aralkyl
group or an alkoxyalkyl group, provided that in the formula
—C(Rb)(Rb)(Rb), when one or more Rb’s are a hydrogen
atom, at least one of the remaining Rb’s is a cyclopropyl
group, a 1-alkoxyalkyl group or an aryl group.

At least two Rb’s may be bonded to each other to thereby
form an alicyclic hydrocarbon group, an aromatic hydrocar-
bon group, a heterocyclic hydrocarbon group or a derivative
thereof.

In the formula, n is an integer of 0 to 2, and m is an integer
of'1 to 3, provided that n+m=3.
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In general formula (A), each ofthe alkyl groups, cycloalkyl
groups, aryl groups and aralkyl groups represented by Ra and
Rb may be substituted with a functional group, such as a
hydroxyl group, a cyano group, an amino group, a pyrrolidino
group, a piperidino group, a morpholino group or an oxo
group, as well as an alkoxy group or a halogen atom. With
respect to the alkoxyalkyl group represented by Rb, the same
substitution can be performed.

As the alkyl group, cycloalkyl group, aryl group and
aralkyl group represented by Ra and/or Rb (these alkyl group,
cycloalkyl group, aryl group and aralkyl group may be sub-
stituted with the above functional group, an alkoxy group or
a halogen atom), there can be mentioned, for example,

a group derived from a linear or branched alkane, such as
methane, ethane, propane, butane, pentane, hexane, heptane,
octane, nonane, decane, undecane or dodecane; a group as
obtained by substituting the above alkane-derived group with
at least one or at least one type of cycloalkyl group, such as a
cyclobutyl group, a cyclopentyl group or a cyclohexyl group;

a group derived from a cycloalkane, such as cyclobutane,
cyclopentane, cyclohexane, cycloheptane, cyclooctane, nor-
bornane, adamantane or noradamantane; a group as obtained
by substituting the above cycloalkane-derived group with at
least one or at least one type of linear or branched alkyl group,
such as a methyl group, an ethyl group, an n-propyl group, an
i-propyl group, an n-butyl group, a 2-methylpropyl group, a
1-methylpropyl group or a t-butyl group;

a group derived from an aromatic compound, such as ben-
zene, naphthalene or anthracene; a group as obtained by
substituting the above aromatic-compound-derived group
with at least one or at least one type of linear or branched alkyl
group, such as a methyl group, an ethyl group, an n-propyl
group, an i-propyl group, an n-butyl group, a 2-methylpropyl
group, a 1-methylpropyl group or a t-butyl group;

a group derived from a heterocyclic compound, such as
pyrrolidine, piperidine, morpholine, tetrahydrofuran, tet-
rahydropyran, indole, indoline, quinoline, perhydroquino-
line, indazole or benzimidazole; a group as obtained by sub-
stituting the above heterocyclic-compound-derived group
with at least one or at least one type of linear or branched alkyl
group or aromatic-compound-derived group;

a group as obtained by substituting the above linear or
branched-alkane-derived group or cycloalkane-derived
group with at least one or at least one type of aromatic-
compound-derived group, such as a phenyl group, a naphthyl
group or an anthracenyl group; any of groups as obtained by
substituting the above substituents with a functional group,
such as a hydroxyl group, a cyano group, an amino group, a
pyrrolidino group, a piperidino group, a morpholino group or
an oxo group; and the like.

As the bivalent heterocyclic hydrocarbon group (prefer-
ably 1 to 20 carbon atoms) formed by the mutual bonding of
Ra’s or derivative thereof, there can be mentioned, for
example, a group derived from a heterocyclic compound,
such as pyrrolidine, piperidine, morpholine, 1,4,5,6-tetrahy-
dropyrimidine, 1,2,3,4-tetrahydroquinoline, 1,2,3,6-tetrahy-
dropyridine, homopiperazine, 4-azabenzimidazole, benzot-
riazole, 5-azabenzotriazole, 1H-1,2,3-triazole, 1,4,7-
triazacyclononane, tetrazole, 7-azaindole, indazole,
benzimidazole, imidazo[1,2-a]pyridine, (1S,48)-(+)-2,5-di-
azabicyclo[2.2.1]heptane, 1,5,7-triazabicyclo[4.4.0]dec-5-
ene, indole, indoline, 1,2,3,4-tetrahydroquinoxaline, perhyd-
roquinoline or 1,5,9-triazacyclododecane; a group as
obtained by substituting the above heterocyclic-compound-
derived group with at least one or at least one type of linear or
branched-alkane-derived group, cycloalkane-derived group,
aromatic-compound-derived group, heterocyclic-compound-
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derived group or functional group, such as a hydroxyl group,
a cyano group, an amino group, a pyrrolidino group, a pip-
eridino group, a morpholino group or an oxo group; or the
like.

Particular examples of low-molecular compounds espe-
cially preferred in the present invention include N-t-butoxy-
carbonyldi-n-octylamine,  N-t-butoxycarbonyldi-n-nony-
lamine, N-t-butoxycarbonyldi-n-decylamine, N-t-
butoxycarbonyldicyclohexylamine, N-t-butoxycarbonyl-1-
adamantylamine, N-t-butoxycarbonyl-2-adamantylamine,
N-t-butoxycarbonyl-N-methyl-1-adamantylamine, (S)-(-)-
1-(t-butoxycarbonyl)-2-pyrrolidinemethanol,  (R)-(+)-1-(t-
butoxycarbonyl)-2-pyrrolidinemethanol, N-t-butoxycarbo-
nyl-4-hydroxypiperidine, = N-t-butoxycarbonylpyrrolidine,
N-t-butoxycarbonylmorpholine, N-t-butoxycarbonylpipera-
zine, N,N-di-t-butoxycarbonyl-1-adamantylamine, N,N-di-t-
butoxycarbonyl-N-methyl-1-adamantylamine, N-t-butoxy-

carbonyl-4,4'-diaminodiphenylmethane, N,N'-di-t-
butoxycarbonylhexamethylenediamine, N,N,N',N'-tetra-t-
butoxycarbonylhexamethylenediamine, N,N'-di-t-
butoxycarbonyl-1,7-diaminoheptane, N,N'-di-t-
butoxycarbonyl-1,8-diaminooctane, N,N'-di-t-
butoxycarbonyl-1,9-diaminononane, N,N'-di-t-
butoxycarbonyl-1,10-diaminodecane, N,N'-di-t-
butoxycarbonyl-1,12-diaminododecane, N,N'-di-t-
butoxycarbonyl-4,4'-diaminodiphenylmethane, N-t-

butoxycarbonylbenzimidazole,
methylbenzimidazole,
phenylbenzimidazole, and the like.

N-t-butoxycarbonyl-2-
N-t-butoxycarbonyl-2-

Specific examples of the low-molecular compounds (D)
most preferred in the present invention will be shown below,
which should be construed as not limiting the present inven-
tion.
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The compounds of general formula (A) can be easily syn-
thesized from commercially available amines by the methods
described in, for example, Protective Groups in Organic Syn-
thesis, the fourth edition. The most general method comprises
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causing a bicarbonic ester or a haloformic ester to act on
commercially available amines. In the formulae, X represents
a halogen atom.

R; 0 o} Rp
Rb>|\ )J\ )J\ )<Rb "
Ry 0 0 o) Rp

0 R,
Ry
x, J Kk
\
- X 0 Ry
/
Rll
R, 0
\NJ< N
b
/
K, 0 Ry
Ry
R, 0 0 R
Rb>‘\ )]\ )J\ /ka "
R, O O O R,
0 R,
ok
X 0 Ry
R,— NIL
Ry Ry
0 R,
>¥O
R,—/N
>
s R,
Ry Ry

In the present invention, one type of low-molecular com-
pound (D) containing a group that when acted on by an acid,
is cleaved can be used alone, or two or more types thereof can
be used in combination.

In the present invention, the amount of low-molecular
compound (D) containing a group that when acted on by an
acid, is cleaved to be added, based on the total solids of the
composition mixed with the following basic compound, is
generally in the range 0 0.001 to 20 mass %, preferably 0.001
to 10 mass % and more preferably 0.01 to 5 mass %.

With respect to the ratio between acid generator and low-
molecular compound (D) to be used in the composition, the
molar ratio of acid generator/[low-molecular compound (D)+
following basic compound] is preferably in the range of 2.5 to
300. Iustratively, it is preferred for the molar ratio to be 2.5
or higher from the viewpoint of sensitivity and resolution. Itis
preferred for the molar ratio to be 300 or below from the
viewpoint of inhibition of resolution deterioration attributed
to resist pattern thickening over time from exposure to bake
treatment. The molar ratio of acid generator/[low-molecular
compound (D)+following basic compound] is more prefer-
ably in the range of 5.0 to 200, further more preferably 7.0 to
150.

<Basic Compound>

The composition of the present invention preferably con-
tains a basic compound so as to suppress any performance
alteration over time from exposure to bake.

As preferred basic compounds, there can be mentioned the
compounds having the structures of formulae (A) to (E)
below.
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In the general formulae (A) and (E),

R?%°, R*! and R*°* may be identical to or different from
each other and each represent a hydrogen atom, an alkyl
group (preferably having 1 to 20 carbon atoms), a cycloalkyl
group (preferably having 3 to 20 carbon atoms) or an aryl
group (having 6 to 20 carbon atoms). R*°* and R*°* may be
bonded with each other to thereby form a ring. R*%3, R*%4,
R?% and R*°® may be identical to or different from each other
and each represent an alkyl group having 1 to 20 carbon
atoms.

With respect to the above alkyl group, as a preferred sub-
stituted alkyl group, there can be mentioned an aminoalkyl
group having 1 to 20 carbon atoms, a hydroxyalkyl group
having 1 to 20 carbon atoms or a cyanoalkyl group having 1
to 20 carbon atoms.

More preferably, in these general formulae (A) and (E) the
alkyl group is unsubstituted.

As preferred compounds, there can be mentioned guani-
dine, aminopyrrolidine, pyrazole, pyrazoline, piperazine,
aminomorpholine, aminoalkylmorpholine, piperidine and
the like. Further, as preferred compounds, there can be men-
tioned compounds with an imidazole structure, a diazabicy-
clo structure, an onium hydroxide structure, an onium car-
boxylate structure, a trialkylamine structure, an aniline
structure or a pyridine structure, alkylamine derivatives hav-
ing a hydroxyl group and/or an ether bond, aniline derivatives
having a hydroxyl group and/or an ether bond and the like.

As the compounds with an imidazole structure, there can
be mentioned imidazole, 2,4,5-triphenylimidazole, benzimi-
dazole, 2-phenylbenzoimidazole and the like. As the com-
pounds with a diazabicyclo structure, there can be mentioned
1,4-diazabicyclo[2,2,2]octane, 1,5-diazabicyclo[4,3,0]non-
S5-ene, 1,8-diazabicyclo[5,4,0]undec-7-ene and the like. As
the compounds with an onium hydroxide structure, there can
be mentioned tetrabutylammonium hydroxide, triarylsulfo-
nium hydroxide, phenacylsulfonium hydroxide, and sulfo-
nium hydroxides having a 2-oxoalkyl group such as triph-
enylsulfonium  hydroxide, tris(t-butylphenyl)sulfonium
hydroxide, bis(t-butylphenyl)iodonium hydroxide, phena-
cylthiophenium  hydroxide,  2-oxopropylthiophenium
hydroxide and the like. As the compounds with an onium
carboxylate structure, there can be mentioned those having a
carboxylate at the anion moiety of the compounds with an
onium hydroxide structure, for example, acetate, adaman-
tane-1-carboxylate, perfluoroalkyl carboxylate and the like.
As the compounds with a trialkylamine structure, there can be
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mentioned tri(n-butyl)amine, tri(n-octyl)amine and the like.
As the aniline compounds, there can be mentioned 2,6-diiso-
propylaniline, N,N-dimethylaniline, N,N-dibutylaniline,
N,N-dihexylaniline and the like. As the alkylamine deriva-
tives having a hydroxyl group and/or an ether bond, there can
be mentioned ethanolamine, diethanolamine, triethanola-
mine, N-phenyldiethanolamine, tris(methoxyethoxyethyl)
amine and the like. As the aniline derivatives having a
hydroxyl group and/or an ether bond, there can be mentioned
N,N-bis(hydroxyethyl)aniline and the like.

As preferred basic compounds, there can be further men-
tioned an amine compound having a phenoxy group, an
ammonium salt compound having a phenoxy group, an amine
compound having a sulfonic ester group and an ammonium
salt compound having a sulfonic ester group.

Each of the above amine compound having a phenoxy
group, ammonium salt compound having a phenoxy group,
amine compound having a sulfonic ester group and ammo-
nium salt compound having a sulfonic ester group preferably
has at least one alkyl group bonded to the nitrogen atom
thereof. Further preferably, the alkyl group in its chain con-
tains an oxygen atom, thereby forming an oxyalkylene group.
The number of oxyalkylene groups in each molecule is one or
more, preferably 3 to 9 and more preferably 4 to 6. Oxyalky-
lene groups having the structure of —CH,CH,O—, —CH
(CH;)CH,0— or —CH,CH,CH,O— are preferred.

As specific examples of the above amine compound having
a phenoxy group, ammonium salt compound having a phe-
noxy group, amine compound having a sulfonic ester group
and ammonium salt compound having a sulfonic ester group,
there can be mentioned the compounds (C1-1) to (C3-3)
shown as examples in Section [0066] of US 2007/0224539 A,
which are however nonlimiting.

These basic compounds can be used alone or in combina-
tion.

The amount of basic compound used is generally in the
range of 0.001 to 10 mass %, preferably 0.01 to 5 mass %
based on the solid contents of the composition of the inven-
tion.

With respect to the ratio of the acid generator to basic
compound in the composition, preferably, the acid generator/
basic compound (molar ratio)=2.5 to 300. The reason for this
is that the molar ratio is preferred to be 2.5 or higher from the
viewpoint of sensitivity and resolving power. The molar ratio
is preferred to be 300 or below from the viewpoint of the
inhibition of any resolving power deterioration due to thick-
ening of resist pattern over time from exposure to heating
treatment. The acid generator/basic compound (molar ratio)
is more preferably in the range of 5.0 to 200, still more
preferably 7 to 150.

<Solvent>

The photosensitive composition of the present invention
may contain a solvent. The solvent is not limited as long as it
can be used in the preparation of a positive resist composition
through dissolution of the above-mentioned components. As
the solvent, there can be mentioned, for example, an organic
solvent, such as an alkylene glycol monoalkyl ether carboxy-
late, an alkylene glycol monoalkyl ether, an alkyl lactate, an
alkyl alkoxypropionate, a cyclolactone (preferably having 4
to 10 carbon atoms), an optionally cyclized monoketone com-
pound (preferably having 4 to 10 carbon atoms), an alkylene
carbonate, an alkyl alkoxyacetate or an alkyl pyruvate.

As preferred alkylene glycol monoalkyl ether carboxy-
lates, there can be mentioned, for example, propylene glycol
monomethyl ether acetate, propylene glycol monoethyl ether
acetate, propylene glycol monopropyl ether acetate, propy-
lene glycol monobutyl ether acetate, propylene glycol
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monomethyl ether propionate, propylene glycol monoethyl
ether propionate, ethylene glycol monomethyl ether acetate
and ethylene glycol monoethyl ether acetate.

As preferred alkylene glycol monoalkyl ethers, there can
be mentioned, for example, propylene glycol monomethyl
ether, propylene glycol monoethyl ether, propylene glycol
monopropyl ether, propylene glycol monobutyl ether, ethyl-
ene glycol monomethyl ether and ethylene glycol monoethyl
ether.

As preferred alkyl lactates, there can be mentioned, for
example, methyl lactate, ethyl lactate, propyl lactate and butyl
lactate.

As preferred alkyl alkoxypropionates, there can be men-
tioned, for example, ethyl 3-ethoxypropionate, methyl
3-methoxypropionate, methyl 3-ethoxypropionate and ethyl
3-methoxypropionate.

As preferred cyclolactones, there can be mentioned, for
example, 3-propiolactone, 3-butyrolactone, y-butyrolactone,
a-methyl-y-butyrolactone, [-methyl-y-butyrolactone,
y-valerolactone, y-caprolactone, y-octanoic lactone and a-hy-
droxy-y-butyrolactone.

As preferred optionally cyclized monoketone compounds,
there can be mentioned, for example, 2-butanone, 3-meth-
ylbutanone, pinacolone, 2-pentanone, 3-pentanone, 3-me-
thyl-2-pentanone, 4-methyl-2-pentanone, 2-methyl-3-pen-
tanone, 4,4-dimethyl-2-pentanone, 2,4-dimethyl-3-
pentanone, 2,2.4.4-tetramethyl-3-pentanone, 2-hexanone,
3-hexanone, S5-methyl-3-hexanone, 2-heptanone, 3-hep-
tanone, 4-heptanone, 2-methyl-3-heptanone, S5-methyl-3-
heptanone, 2,6-dimethyl-4-heptanone, 2-octanone, 3-oc-
tanone, 2-nonanone, 3-nonanone, 5-nonanone, 2-decanone,
3-decanone, 4-decanone, S5-hexen-2-one, 3-penten-2-one,
cyclopentanone, 2-methylcyclopentanone, 3-methylcyclo-
pentanone, 2,2-dimethylcyclopentanone, 2,4.4-trimethylcy-
clopentanone, cyclohexanone, 3-methylcyclohexanone,
4-methylcyclohexanone, 4-ethylcyclohexanone, 2,2-dimeth-
ylcyclohexanone, 2,6-dimethylcyclohexanone, 2,2,6-trim-
ethylcyclohexanone, cycloheptanone, 2-methylcyclohep-
tanone and 3-methylcycloheptanone.

As preferred alkylene carbonates, there can be mentioned,
for example, propylene carbonate, vinylene carbonate, ethyl-
ene carbonate and butylene carbonate.

As preferred alkyl alkoxyacetates, there can be mentioned,
for example, acetic acid 2-methoxyethyl ester, acetic acid
2-ethoxyethyl ester, acetic acid 2-(2-ethoxyethoxy)ethyl
ester, acetic acid 3-methoxy-3-methylbutyl ester and acetic
acid 1-methoxy-2-propyl ester.

As preferred alkyl pyruvates, there can be mentioned, for
example, methyl pyruvate, ethyl pyruvate and propyl pyru-
vate.

As a preferably employable solvent, there can be men-
tioned a solvent having a boiling point of 130° C. or above
measured at ordinary temperature under ordinary pressure.
For example, there can be mentioned cyclopentanone, y-bu-
tyrolactone, cyclohexanone, ethyl lactate, ethylene glycol
monoethyl ether acetate, propylene glycol monomethyl ether
acetate, ethyl 3-ethoxypropionate, ethyl pyruvate, acetic acid
2-ethoxyethyl ester, acetic acid 2-(2-ethoxyethoxy)ethyl
ester or propylene carbonate.

In the present invention, these solvents may be used either
individually or in combination.

In the present invention, a mixed solvent consisting of a
mixture of a solvent having a hydroxyl group in its structure
and a solvent having no hydroxyl group may be used as an
organic solvent.

The solvent having a hydroxyl group and solvent having no
hydroxyl group can appropriately be selected from among the

10

15

20

25

30

35

40

45

50

55

60

65

212

compounds set forth above as examples. The solvent having a
hydroxyl group is preferably an alkylene group monoalkyl
ether, an alkyl lactate or the like, more preferably propylene
glycol monomethyl ether or ethyl lactate. The solvent having
no hydroxyl group is preferably an alkylene glycol monoalkyl
ether acetate, an alkyl alkoxypropionate, an optionally
cyclized monoketone compound, a cyclolactone, an alkyl
acetate or the like. Of these, propylene glycol monomethyl
ether acetate, ethyl ethoxypropionate, 2-heptanone, y-butyro-
lactone, cyclohexanone and butyl acetate are especially pre-
ferred. Propylene glycol monomethyl ether acetate, ethyl
ethoxypropionate and 2-heptanone are most preferred.

The mixing ratio (mass) of a solvent having a hydroxyl
group and a solvent having no hydroxyl group is in the range
01'1/99t0 99/1, preferably 10/90to 90/10 and more preferably
20/80 to 60/40. Mixed solvents containing 50 mass % or more
of a solvent having no hydroxyl group are especially pre-
ferred from the viewpoint of uniform applicability.

It is preferred for the solvent to be a mixed solvent of two
or more types of solvents containing propylene glycol
monomethyl ether acetate.

<Surfactant>

The composition of the present invention preferably fur-
ther contains a surfactant, and more preferably contains any
one, or two or more members, of fluorinated and/or sili-
conized surfactants (fluorinated surfactant, siliconized sur-
factant and surfactant containing both fluorine and silicon
atoms).

The composition of the present invention when containing
the above surfactant would, in the use of an exposure light
source of 250 nm or below, especially 220 nm or below,
realize favorable sensitivity and resolving power and produce
a resist pattern with less adhesion and development defects.

As the fluorinated and/or siliconized surfactants, there can
be mentioned, for example, those described in Section [0276]
of US Patent Application Publication No. 2008/0248425. As
commercially available surfactants, there can be mentioned,
for example, fluorinated surfactants/siliconized surfactants,
such as Eftop EF301 and EF303 (produced by Shin-Akita
Kasei Co., [.td.), Florad FC 430, 431 and 4430 (produced by
Sumitomo 3M Ltd.), Megafac F171,F173,F176,F189,F113,
F110, F177, F120 and RO8 (produced by Dainippon Ink &
Chemicals, Inc.), Surflon S-382, SC101, 102, 103, 104, 105
and 106 (produced by Asahi Glass Co., Ltd.), Troy Sol S-366
(produced by Troy Chemical Co., [td.), GF-300 and GF-150
(produced by TOAGOSEI CO., LTD.), Sarfron S-393 (pro-
duced by SEIMI CHEMICAL CO., LTD.), Eftop EF121,
EF122A, EF122B, RF122C, EF125M, EF135M, EF351,
EF352, EF801, EF802 and EF601 (produced by JEMCO
INC.), PF636, PF656, PF6320 and PF6520 (produced by
OMNOVA), and FTX-204G, 208G, 218G, 230G, 204D,
208D, 212D, 218D and 222D (produced by NEOS). Further,
polysiloxane polymer KP-341 (produced by Shin-Etsu
Chemical Co., Ltd.) can be employed as the siliconized sur-
factant.

As the surfactant, besides the above publicly known sur-
factants, use can be made of a surfactant based on a polymer
having a fluorinated aliphatic group derived from a fluori-
nated aliphatic compound, produced by a telomerization
technique (also called a telomer process) or an oligomeriza-
tion technique (also called an oligomer process). The fluori-
nated aliphatic compound can be synthesized by the process
described in JP-A-2002-90991.

The polymer having a fluorinated aliphatic group is pref-
erably a copolymer from a monomer having a fluorinated
aliphatic group and a poly(oxyalkylene) acrylate and/or poly
(oxyalkylene) methacrylate, which copolymer may have an
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irregular distribution or may result from block copolymeriza-
tion. As the poly(oxyalkylene) group, there can be mentioned
a poly(oxyethylene) group, a poly(oxypropylene) group, a
poly(oxybutylene) group or the like. Further, use can be made
of a unit having alkylene groups of different chain lengths in
a single chain, such as poly(oxyethylene-oxypropylene-oxy-
ethylene block concatenation) or poly(oxyethylene-oxypro-
pylene block concatenation). Moreover, the copolymer from
a monomer having a fluorinated aliphatic group and a poly
(oxyalkylene) acrylate (or methacrylate) is not limited to
two-monomer copolymers and may be a three or more mono-
mer copolymer obtained by simultaneous copolymerization
of two or more different monomers having a fluorinated ali-
phatic group, two or more different poly(oxyalkylene) acry-
lates (or methacrylates), etc.

For example, as a commercially available surfactant, there
can be mentioned Megafac F178, F-470, F-473, F-475,F-476
or F-472 (produced by Dainippon Ink & Chemicals, Inc.).
Further, there can be mentioned a copolymer from an acrylate
(or methacrylate) having a C;F |5 group and a poly(oxyalky-
lene) acrylate (or methacrylate), a copolymer from an acry-
late (or methacrylate) having a C,;F, group, poly(oxyethyl-
ene) acrylate (or methacrylate) and poly(oxypropylene)
acrylate (or methacrylate), or the like.

Also, in the present invention, use can be made of the
surfactants other than fluorinated and/or siliconized surfac-
tants described in Section [0280] of US Patent Application
Publication No. 2008/0248425.

These surfactants may be used either individually or in
combination.

The amount of each surfactant used is preferably in the
range of 0 to 2 mass %, more preferably 0.0001 to 2 mass %
and still more preferably 0.0005 to 1 mass % based on the
total mass of the composition of the present invention (ex-
cluding the solvent).

<Carboxylic Acid Onium Salt>

The composition of the present invention may contain a
carboxylic acid onium salt. The preferred carboxylic acid
onium salts are the iodonium salt and the sulfonium salt. The
preferred anion moiety thereof is a linear, branched, mono-
cyclic or polycyclic alkylcarboxylate anion having 1 to 30
carbon atoms. A more preferred anion moiety is an anion of
carboxylic acid wherein the alkyl group is partially or wholly
fluorinated. The alkyl chain may contain an oxygen atom.
Accordingly, there would be achieved securement of the
transparency in 220 nm or shorter light, enhancement of the
sensitivity and resolving power and improvement of the iso-
dense bias and exposure margin.

As the fluorinated carboxylic acid anion, there can be men-
tioned any of the anions of fluoroacetic acid, difluoroacetic
acid, trifluoroacetic acid, pentafluoropropionic acid, heptafu-
lorobutyric acid, nonafluoropentanoic acid, perfluorodode-
canoic acid, perfluorotridecanoic acid, perfluorocyclohexan-
ecarboxylic acid and 2,2-bistrifluoromethylpropionic acid, or
the like.

The content ratio of each carboxylic acid onium salt in the
composition is generally in the range of 0.1 to 20 mass %,
preferably 0.5 to 10 mass % and still more preferably 1 to 7
mass % based on the total solids of the composition.

<Dissolution Inhibiting Compound>

The composition of the present invention may contain a
dissolution inhibiting compound of 3000 or less molecular
weight that is decomposed by the action of an acid to thereby
increase the solubility in an alkali developer (hereinafter
referred to as “dissolution inhibiting compound”).

From the viewpoint of preventing any lowering of 220 nm
or shorter transmission, the dissolution inhibiting compound
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is preferably an alicyclic or aliphatic compound having an
acid-decomposable group, such as any of cholic acid deriva-
tives having an acid-decomposable group described in Pro-
ceeding of SPIE, 2724, 355 (1996). The acid-decomposable
group and alicyclic structure are the same as described with
respect to the resin (A).

When the composition of the present invention is exposed
to a KrF excimer laser or irradiated with electron beams,
preferred use is made of one having a structure resulting from
substitution of the phenolic hydroxyl group of a phenol com-
pound with an acid-decomposable group. The phenol com-
pound preferably contains 1 to 9 phenol skeletons, more
preferably 2 to 6 phenol skeletons.

The amount of dissolution inhibiting compound added is
preferably in the range of 3 to 50 mass %, more preferably 5
to 40 mass % based on the total solids of the composition of
the present invention.

Specific examples of the dissolution inhibiting compounds
will be shown below, which however in no way limit the scope
of the present invention.
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<Other Additives>

The composition of the present invention may further
according to necessity contain a dye, a plasticizer, a photo-
sensitizer, a light absorber, a compound capable of increasing
the solubility in a developer (for example, a phenolic com-
pound of 1000 or less molecular weight or a carboxylated
alicyclic or aliphatic compound), etc.

The above phenolic compound of 1000 or less molecular
weight can be easily synthesized by persons of ordinary skill
in the art to which the present invention pertains while con-
sulting the processes described in, for example, JP-As
4-122938 and 2-28531, U.S. Pat. No. 4,916,210 and EP
219294.

As the carboxylated alicyclic or aliphatic compound, there
can be mentioned, for example, a carboxylic acid derivative
of steroid structure such as cholic acid, deoxycholic acid or
lithocholic acid, an adamantanecarboxylic acid derivative,
adamantanedicarboxylic acid, cyclohexanecarboxylic acid,
cyclohexanedicarboxylic acid or the like. These are however
nonlimiting.

<Method of Forming Pattern>

From the viewpoint of enhancement of resolving power, it
is preferred for the composition of the present invention to be
used with a coating thickness of 30 to 250 nm. More prefer-
ably, the composition is used with a coating thickness of 30 to
200 nm. This coating thickness can be attained by setting the
solid content of the composition within an appropriate range
s0 as to cause the composition to have an appropriate viscos-
ity, thereby improving the applicability and film forming
property.

The total solids content of the actinic-ray- or radiation-
sensitive resin composition is generally in the range of 1 to 10
mass %, preferably 1 to 8 mass % and more preferably 1to 6
mass %.

The composition of the present invention is used in such a
manner that the above components are dissolved in a given
organic solvent, preferably the above mixed solvent, and fil-
tered and applied onto a given support in the following man-
ner. The filter medium for the filtration preferably consists of
a polytetrafluoroethylene, polyethylene or nylon having a
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pore size of 0.1 um or less, especially 0.05 um or less and
more especially 0.03 um or less.

For example, an actinic-ray- or radiation-sensitive resin
composition is applied onto a substrate, such as one for use in
the production of precision integrated circuit elements (e.g.,
silicon/silicon dioxide coating), by appropriate application
means, such as a spinner or coater, and dried to thereby form
a film.

The film is exposed through a given mask to actinic rays or
radiation, preferably baked (heated), and developed and
rinsed. Accordingly, a desirable pattern can be obtained.

As the actinic rays or radiation, there can be mentioned
infrared rays, visible light, ultraviolet rays, far ultraviolet
rays, extreme ultraviolet rays, X-rays, electron beams or the
like. Among them, preferred use is made of far ultraviolet rays
of especially 250 nm or less, more especially 220 nm or less
and still more especially 1 to 200 nm wavelength, such as a
KrF excimer laser (248 nm), an ArF excimer laser (193 nm)
and an F, excimer laser (157 nm), as well as X-rays, electron
beams and the like. More preferred use is made of an ArF
excimer laser, an F, excimer laser, EUV (13 nm) and electron
beams.

Prior to the formation of at film, the substrate may be
coated with an antireflection film.

As the antireflection film, use can be made of not only an
inorganic film of titanium, titanium oxide, titanium nitride,
chromium oxide, carbon, amorphous silicon or the like but
also an organic film composed of a light absorber and a
polymer material. Also, as the organic antireflection film, use
can be made of commercially available organic antireflection
films, such as the DUV30 Series and DUV40 Series produced
by Brewer Science Inc. and AR-2, AR-3 and AR-5 produced
by Shipley Co., Ltd.

Generally, an aqueous solution of any of quaternary ammo-
nium salts, a typical example thereof being tetramethylam-
monium hydroxide, is employed as the alkali developer for
use in the development step. However, other aqueous alkali
solutions of an inorganic alkali, a primary amine, a secondary
amine, a tertiary amine, an alcoholamine, a cycloamine, etc.
can also be employed.

Before the use of the above alkali developer, appropriate
amounts of an alcohol and a surfactant may be added thereto.

The alkali concentration of the alkali developer is generally
in the range 0f 0.1 to 20 mass %.

The pH value of the alkali developer is generally in the
range of 10.0 to 15.0.

Before the use of the above alkaline aqueous solution,
appropriate amounts of an alcohol and a surfactant may be
added thereto.

Pure water can be used as the rinse liquid. Before the use,
an appropriate amount of surfactant may be added thereto.

The development operation or rinse operation may be fol-
lowed by the operation for removing any developer or rinse
liquid adhering onto the pattern by the use of a supercritical
fluid.

EXAMPLES
The present invention will be described in greater detail
below by way ofits examples. However, the gist of the present
invention is in no way limited to these examples.
Synthetic Example 1
Synthesis of Resin (C-1)

In a nitrogen atmosphere, 14 g of propylene glycol
monomethyl ether acetate (PGMEA) was placed in a three-
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necked flask, and heated to 80° C. A solution obtained by
dissolving 13.4 g of 2,2.3.3.4,4,4-heptafluoro-1-butyl meth-
acrylate, 7.1 g of t-butyl methacrylate, 3.0 mol %, based on
the amount of monomers, of polymerization initiator V-65
(produced by Wako Pure Chemical Industries, [.td.) and 3.0
mol % of trimethylolethane tris(2-mercaptoacetato )trimethy-
lol in 33 g of PGMEA was dropped into the heated PGMEA
over a period of four hours. After the completion of dropping,
reaction was continued at 80° C. for four hours. The reaction
liquid was allowed to stand still to cool, and was dropped into

a liquid mixture of 760 g of methanol and 40 g of distilled
water over a period of 20 minutes. The thus precipitated
powder was collected by filtration, and dried, thereby obtain-
ing 14.5 g of resin (C-1).

With respect to the obtained resin (C-1), the standard-
polystyrene-equivalent weight average molecular weight was
6,000 and the dispersity (Mw/Mn) was 1.5.

.

Cs3F7

Synthetic Example 2
Synthesis of Resin (C-29)

In a nitrogen atmosphere, 10 g of methyl ethyl ketone was
placed in a three-necked flask, and heated to 75° C. A solution
obtained by dissolving 9.99 g of lactone monomer com-
pound, 0.72 g of t-butylstyrene, 0.30 g of 2-ethylhexyl meth-
acrylate, 3.0 mol %, based on the amount of monomers, of
polymerization initiator V-601 (produced by Wako Pure
Chemical Industries, [.td.) and 1.5 mol % of pentaerythritol
tetrakis(3-mercaptopropionate) in 18 g of methyl ethyl
ketone was dropped into the heated methyl ethyl ketone over
a period of four hours. After the completion of dropping,
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reaction was continued at 75° C. for four hours. The reaction
liquid was allowed to stand still to cool, and was dropped into
a liquid mixture of 350 g of hexane and 90 g of ethyl acetate
over a period of 20 minutes. The thus precipitated powder was
collected by filtration, and dried, thereby obtaining 9.9 g of
resin (C-29).

With respect to the obtained resin (C-29), the standard-
polystyrene-equivalent weight average molecular weight was
18,000 and the dispersity (Mw/Mn) was 1.8.

(C-29)

FsC CF;

Other resins (C) of Table 3 below were synthesized in the
same manner as described above.

Synthetic Example 3

Synthesis of Resin (C-56)

In a nitrogen atmosphere, 9.4 g of hexafluoroisopropyl
methacrylate and 7.6 gof't-butyl acrylate were dissolved in 25
g of methyl ethyl ketone, and 1.84 g of mercaptoacetic acid
and 3.0 mol %, based on the amount of monomers, of poly-
merization initiator V-65 (produced by Wako Pure Chemical
Industries, [td.) were added to the solution. The reaction
solution was heated at 70° C. for eight hours under agitation.
The resultant reaction solution was allowed to stand still to
cool to room temperature, and was dropped into a mixture of
300 ml of methanol and 30 ml of water, thereby precipitating
apolymer. The precipitate was collected by filtration, and the
thus obtained solid was dried in vacuum, thereby obtaining an
intermediate. The obtained intermediate amounting to 10 g
together with 9.4 g of triethylamine, 0.89 g of glycidyl meth-
acrylate and 0.01 g of hydroquinone was dissolved in 20 ml of
methyl ethyl ketone, heated to 60° C. and agitated for two
hours. The reaction solution was allowed to stand still to cool
to room temperature, and was dropped into a mixture of 300
ml of methanol and 30 ml of water, thereby precipitating a
polymer. The precipitate was collected by filtration, and the
thus obtained solid was dried in vacuum, thereby obtaining a
macromonomer. A comb polymer was synthesized using the
obtained macromonomer.
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In a nitrogen atmosphere, 10 g of methyl ethyl ketone was
placed in a three-necked flask, and heated to 75° C. A solution
obtained by dissolving 7.5 g of lactone monomer compound,
1.2 g of t-butylstyrene, 5.5 g of macromonomer, 4.0 mol %,
based on the amount of monomers, of polymerization initia-
tor V-65 (produced by Wako Pure Chemical Industries, [.td.)
and 5.0 mol % of 1-dodecanethiol in 30 g of methyl ethyl
ketone was dropped into the heated methyl ethyl ketone over
a period of four hours. After the completion of dropping,
reaction was continued at 75° C. for four hours. The reaction
liquid was allowed to stand still to cool, and was dropped into
a liquid mixture of 300 ml of methanol and 6 ml of water. The
thus precipitated powder was collected by filtration, and
dried, thereby obtaining 10.5 g of resin (C-56).

With respect to the obtained resin (C-56), the weight aver-
age molecular weight by GPC/MALLS was 19,000.

OH

FsC

Synthetic Example 4
Synthesis of Resin (1)

In a nitrogen stream, 8.6 g of cyclohexanone was placed in
a three-necked flask, and heated to 80° C. A solution obtained
by dissolving 9.8 g of 2-adamantylisopropyl methacrylate,
4.4 g of dihydroxyadamantyl methacrylate, 8.9 g of norbor-
nanelactone methacrylate and 8 mol %, based on the amount
of monomers, of polymerization initiator V-601 (produced by
Wako Pure Chemical Industries, Ltd.) in 79 g of cyclohex-
anone was dropped into the heated cyclohexanone over a
period of six hours. After the completion of dropping, reac-
tion was continued at 80° C. for two hours. The reaction liquid
was allowed to stand still to cool, and was dropped into a
liquid mixture of 800 ml of hexane and 200 ml of ethyl acetate
over a period of 20 minutes. The thus precipitated powder was
collected by filtration, and dried, thereby obtaining 19 g of
resin (1).

With respect to the obtained resin (1), the standard-poly-
styrene-equivalent weight average molecular weight was
8,800 and the dispersity (Mw/Mn) was 1.9.

Otherresins (A) (resins (2) to (25)) below were synthesized
in the same manner as described above.

The structures of the acid-decomposable resins (A) used in
the Examples are shown below. Table 2 below lists the molar
ratios of individual repeating units (in order from the left in
each structural formula), the weight average molecular
weight (Mw) and the dispersity (Mw/Mn) with respect to
each of the resins.
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TABLE 2
Resin Composition
(A) (molar ratio) Mw Mw/Mn

1 50/10/40 8800 1.9
2 40/20/40 7000 1.6
3 40/10/35/5/10 10000 1.7
4 40/10/40/10 11000 1.8
5 40/15/20/25 8500 1.6
6 10/40/25/25 12000 1.8
7 50/20/30 6500 1.6
8 40/10/50 8000 1.7
9 25/25/50 9000 1.8
10 50/10/40 11000 1.8
11 50/10/40 8000 1.7
12 40/10/40/10 7000 1.7
13 20/15/35/30 10000 1.7
14 45/10/35/10 8500 1.7
15 50/40/10 10000 1.6
16 10/40/40/10 9000 1.8
17 55/10/35 12000 1.8
18 40/15/20/25 9000 1.7
19 40/15/30/15 7500 1.6
20 40/15/45 8000 1.6
21 40/40/10/10 9500 1.8
22 35/15/25/25 10000 1.7
23 30/15/40/15 8000 1.6
24 25/35/15/25 9000 1.8
25 15/30/10/23/22 10000 1.7

<Preparation of Actinic-Ray- or Radiation-Sensitive Resin
Composition>

Components of Tables 3 and 4 below were dissolved in also
indicated solvents, thereby obtaining solutions of 5 mass %
solid content. The solutions were passed through a polyeth-
ylene filter of 0.1 um pore size, thereby obtaining actinic-ray-
or radiation-sensitive resin compositions (positive photosen-
sitive resin compositions). The thus obtained positive photo-
sensitive resin compositions were evaluated by the following
methods, and the evaluation results are given in Tables 3 and
4.

<Image Performance Test>

[Exposure Condition: ArF Liquid-Immersion Exposure]

An organic antireflection film ARC29A (produced by Nis-
san Chemical Industries, [td.) was applied onto a silicon
wafer (12 inch caliber) and baked at 205° C. for 60 seconds,
thereby forming a 98 nm-thick antireflection film. Each of the
prepared positive photosensitive resin compositions was
applied thereonto and baked at 120° C. for 60 seconds,
thereby forming a 120 nm-thick photosensitive film. The
resultant wafer was exposed through a 6% half-tone mask of
1:1 line and space pattern of 75 nm line width by means of an
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ArF excimer laser liquid-immersion scanner (manufactured
by ASML, XT17001, NA 1.20, C-Quad, outer sigma 0.981,
inner sigma 0.895, XY deflection). Ultrapure water was used
as the immersion liquid. Thereafter, the exposed wafer was
baked at 120° C. for 60 seconds, developed with an aqueous
solution of tetramethylammonium hydroxide (2.38 mass %)
for 30 seconds, rinsed with pure water and spin dried, thereby
obtaining a resist pattern.

[Line Edge Roughness (LER)]

With respect to a 5 um region of each longitudinal edge of
a line pattern, the distance between actual edge and a refer-
ence line on which edges were to be present was measured at
50 points by means of a critical dimension scanning electron
microscope (SEM model S-8840, manufactured by Hitachi,
Ltd.). The standard deviation of measurements was deter-
mined, and 30 was computed therefrom. The evaluation
marks O, A and x were given when the computed value was
less than 5.0 nm, 5.0 to less than 7.0 nm and 7.0 nm or greater,
respectively. The smaller the value thereof, the higher the
performance exhibited.

[Scum]

The presence of any development residue (scum) on a
resist pattern of 75 nm line width was observed by means of
a scanning electron microscope (model 5-4800, manufac-
tured by Hitachi, Ltd.). The evaluation mark O* was given
when no residue occurred at all. The evaluation mark x was
given when the occurrence of residue was extreme. The
evaluation mark O or A was given when the occurrence of
residue was intermediate.

[Blob Defect]

With respect to each of the patterns formed on a silicon
wafer (12 inch caliber) in the above-mentioned manner, ran-
dom-mode measurement was carried out by means of a defect
inspection apparatus KILA-2360 (trade name) manufactured
by KL A-Tencor Corporation. In the defect inspection appa-
ratus, the pixel size was set at 0.16 um and the threshold value
at 20. Any development defects extracted from differences
generated by superimposition between a comparative image
and the pixel unit were detected, and the number of develop-
ment defects per area was calculated. The evaluation marks
O#*, O, A and x were given when the calculated value was
less than 0.5, 0.5 to less than 1.0, 1.0 to less than 5.0 and 5.0
or greater, respectively. The less the value thereof, the better
the performance exhibited.

[Receding Contact Angle]

Each of the prepared positive photosensitive resin compo-
sitions was applied onto a silicon wafer (8 inch caliber), and
baked at 120° C. for 60 seconds, thereby forming a 120
nm-thick photosensitive film. The receding contact angle of
each ofthe films with respect to a water droplet was measured
in accordance with a dilation/contraction method by means of
a dynamic contact angle meter (manufactured by Kyowa
Interface Science Co., Ltd.). The receding contact angle was
defined as the value of dynamic contact angle at which, in the
five-seconds suction of a droplet of 35 pm initial size at a rate
of 6 liter/second, the dynamic contact angle during suction
was stabilized. The measurement was performed in an atmo-
sphere of 23+3° C. and 45+5% relative humidity. The greater
the value of the receding contact angle, the greater the scan
speed at which water tracking is ensured.
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TABLE 3

Evaluation result

Resist composition Receding
Resin  Photoacid Basic contact
(A) generator  Solvent compound Resin (C) Surfactant BLOB angle
(2g) (mg) (mass ratio) (mg) (mg) (mg) LER Scum defect (deg)
Ex. 1 1 z55 SL-2/SL-4 N-5/N-1 C-1 W-4 O O O 75
(100) 60/40 77 (80) 2)
Ex.2 2 266 SL-2/SL-4 N-8/N-1 C-4 W-4 O O O 65
(100) 60/40 77 (80) 2)
Ex. 3 3 Z70 SL-2/SL-4 N-8/N-1 C-11 W-4 O O O 70
(100) 60/40 77 (100) 2)
Ex. 4 4 z72 SL-2/SL-4 N-1 C-16 W-4 O O O 80
(100) 60/40 10) (20) 2)
Ex. 5 5 267 SL-4/SL-2 N-5 C-22 W-1 O O O 65
(90) 40/60 (7) (80) 3)
Ex. 6 6 z72 SL-4/SL-2 N-5 C-3 W-1 O O O 70
(110) 40/60 (7) (80) 3)
Ex. 7 7 Y-7 SL-4/SL-2 N-3 C-40 W-1 O O O 80
(100) 40/60 (6) (20) 3)
Ex. 8 8 z2 SL-2/SL-4/SL-6 N-6 C-15 W-3 O O O 70
(100) 40/59/1 10) (40) 3)
Ex. 9 9 Y-3 SL-2/SL-4/SL-6 N-1 C-8 W-3 O O O 70
(100) 40/59/1 (7) (40) 3)
Ex. 10 10 Y-43 SL-2/SL-4/SL-6 N-2 C-13 W-3 O O O 70
(100) 40/59/1 9) (80) 3)
Ex. 11 11 266 SL-2/SL-4 N-3 C-37 W-6 O O O 75
(100) 70/30 (6) (40) 3)
Ex. 12 12 z38/Y65  SL-2/SL-4 N-3 C-53 W-6 O O O 70
(40/60) 70/30 (6 (80) @3
Ex. 13 13 266 SL-2/SL-4 N-7 C-55 W-1 O O O 75
(100) 60/40 (6) (100) 3)
Ex. 14 14 Y-3 SL-3/SL-4 N-6 C-49 W-3 O O O 75
(100) 30/70 10) (80) 4)
Ex. 15 15 z55 SL-2/SL-4/SL-5 N-1 C-18 W-1 O O O 70
(100) 40/58/2 (7) (40) 4)
Ex. 16 16 z72 SL-1/SL-2 N-4 C-22 W-6 O O O 70
(100) 60/40 13) (80) 4)
Ex. 17 17 Y-4 SL-1/SL-2 N-3 C-51 W-2 O O O 70
(110) 60/40 (6) (100) 3)
Ex. 18 18 z-68 SL-2/SL-4/SL-6 N-2 C-48 W-3 O O O 75
(100) 40/59/1 © (60) @3
Ex. 19 19 266 SL-2/SL-4 N-4 C-25 W-4 O O O 75
(100) 60/40 (7) (160) 2)
Ex. 20 20 z90 SL-2/SL-4 N-8/N-1 C-42 W-4 O O O 70
(100) 60/40 77 (80) 2)
Ex. 21 21 z44/290 SL-2/SL-4 N-4 C-29 W-4 O O O 75
(300/80)  60/40 (7) (160) 2)
Ex. 22 22 z66/Y73  SL-2/SL-4 N-1 C-25/C-16 W-4 O O O 75
(80/400)  60/40 10) (40/5) 2)
Ex. 23 23 266 SL-4/SL-2 N-5 C-31/C-16 W-4 O O O 80
(100) 40/60 (7) (80/5) 2)
Ex. 24 24 z2 SL-4/SL-2 D-51 C-26 W-1 O O O 70
(100) 40/60 10) 80 3)
Ex. 25 25 266 SL-2/SL-4 D-30/D-52 C-31 W-1 O O O 75
(100) 60/40 77 (80) 3)
Ex. 26 25 z2 SL-4/SL-2 D-13 C-28 — O O O 75
(100) 40/60 10) 80
Ex. 27 3/13  z66/Z44  SL-2/SL-4 N-7 C-55 W-1 O O O 75
(1g/1g) (80/300)  60/40 (6) (100) 3)
Ex. 28 13 266 SL-2/SL-4 N-7 C-56 W-1 O O O 75
(100) 60/40 (6) (50) 3)
TABLE 4
Evaluation result
Resist composition Receding
Resin Photoacid  Solvent Basic contact
(A) generator (mass  compound  Resin (C)  Surfactant BLOB angle
2g (mg) ratio) (mg) (mg) (mg) LER Scum defect (deg)
Ref. 1 21 z44/290  SL-2/SL-4 N-4 C-23 W-4 O A A 75

(300/80) 6040 ) (160) )
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TABLE 4-continued
Evaluation result
Resist composition Receding
Resin Photoacid  Solvent Basic contact
(A)  generator (mass  compound Resin (C)  Surfactant BLOB angle
2g (mg) ratio) (mg) (mg) (mg) LER Scum defect (deg)
Ref. 2 22 266 SL-2/SL-4  N-1 C-25/C-16  W-4 O X A 75
(100) 60740 (10) (40/5) 2
Comp. 1 1 255 SL-2/SL-4 N-5/N-1 C-1 W-4 X X X 75
(100) 60740 (717) (80) 2
Comp. 2 4 z72 SL-2/SL-4  N-1 C-16 W-4 X X X 80
(100) 60740 (10) (20) 2
15
The abbreviations and resins (C') of Tables 3 and 4 are as
defined below. o (C'-23)
The acid generators, resins (A), resins (C) and low-molecu- _ :
lar basic compounds (D-30, 51 and 52) correspond to those g C12H25—S—<C—C+
set forth hereinbefore by way of example. )\
[Basic Compound] 0 0
N-1: N,N-dibutylaniline,
N-2: N,N-dihexylaniline, 25
N-3: 2,6-diisopropylaniline, 0
N-4: tri-n-octylamine,
N-5: N,N-dihydroxyethylaniline, O o o
N-6: 2,4,5-triphenylimidazole, 30 )\
N-7: tris(methoxyethoxyethyl)amine, and FiC CF;
N-8:  2-[2-{2-(2,2-dimethoxy-phenoxyethoxy )ethyl}-bis
(2-methoxyethyl)]-amine. 3 It is apparent from the results of Tables 3 and 4 that the

[Surfactant]

W-1: Megafac F176 (produced by Dainippon Ink &
Chemicals, Inc., fluorinated),

W-2: Megafac RO8 (produced by Dainippon Ink &
Chemicals, Inc., fluorinated and siliconized),

W-3: polysiloxane polymer KP-341 (produced by Shin-
Etsu Chemical Co., Ltd., siliconized),

W-4: Troy Sol S-366 (produced by Troy Chemical Co.,
Ltd.),

W-5: PF656 (produced by OMNOVA SOLUTIONS, INC.,
fluorinated), and

W-6: PF6320 (produced by OMNOVA SOLUTIONS,
INC., fluorinated).

[Solvent]
SL-1: cyclohexanone,

SL-2: propylene glycol monomethyl ether acetate (PG-
MEA: 1-methoxy-2-acetoxypropane),

SL-3: ethyl lactate,

SL-4: propylene glycol monomethyl ether (PGME:
1-methoxy-2-propanol),

SL-5: y-butyrolactone, and

SL-6: propylene carbonate.

[Resin (CY)]

Resins (C'-1), (C'-16), (C'-23) and (C'-25) were polymer-

ized under the same conditions as in the polymerization of

resins (C-1), (C-16), (C-23) and (C-25), respectively, except
that the chain transfer agent was changed to 1-dodecanethiol.
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resist pattern formed using the actinic-ray- or radiation-sen-
sitive resin composition of the present invention excels in all
the performances of line edge roughness, scum, development
defect and immersion liquid tracking property exhibited at
liquid-immersion exposure.

What is claimed is:

1. An actinic-ray- or radiation-sensitive resin composition

comprising:

(A) a resin that when acted on by an acid, increases its
solubility in an alkali developer,

wherein the content ratio of the resin (A) is in the range of
60 to 95 mass % based on the total solids of the compo-
sition, and

wherein the resin (A) is a linear polymer,

(B) acompound that when exposed to actinic rays or radia-
tion, generates an acid, and

(C) a resin containing at least one group selected from
among the following groups (x) to (z) and further con-
taining at least a fluorine atom, in which three or more
polymer chains which comprise a plurality of repeating
units are contained through at least one branch point,

(x) an alkali-soluble group,

(y) a group that when acted on by an alkali developer, is
decomposed to thereby increase its solubility in the
alkali developer, and

(z) a group that when acted on by an acid, is decomposed to
thereby increase its solubility in an alkali developer,

wherein the content ratio of the resin (C) is in the range of
0.01 to 20 mass % based on the total solids of the com-
position, and

wherein the resin (C) is a star polymer.
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2. The actinic-ray- or radiation-sensitive resin composition
according to claim 1, wherein the content ratio of the resin (C)
is in the range 0f 0.1 to 10 mass % based on the total solids of
the composition.

3. The actinic-ray- or radiation-sensitive resin composition
according to claim 1, wherein the resin (C) comprises a
repeating unit containing at least one of groups of any of
general formulae (F2) to (F4):

(F2)
Re1 Reo
Rso
Rsy Rsg
(F3)
Rey
Res
Re2
(F4)
Res
Res—T—Re7
——OH
Res

in general formulae (F2) to (F4),

each of R, to Ry, independently represents a hydrogen
atom, a fluorine atom or an alkyl group, provided that at
least one among Ry, to Ry, among Ry, to Ry, and
among R to Ry, is a fluorine atom or an alkyl group
substituted with at least one fluorine atom, and provided
that R, and R4; may be linked to each other to thereby
form a ring.

4. The actinic-ray- or radiation-sensitive resin composition
according to claim 1, wherein the resin (C) comprises a
repeating unit containing in its side chain a group (y) that
when acted on by an alkali developer, is decomposed to
thereby increase its solubility in the alkali developer, which
side chain contains at least either a fluorine atom or a silicon
atom.

5. The actinic-ray- or radiation-sensitive resin composition
according to claim 1, wherein the resin (A) comprises a
repeating unit containing a lactone structure.

6. The actinic-ray- or radiation-sensitive resin composition
according to claim 5, wherein the resin (A) comprises at least
any of repeating units of general formula (1) as the repeating
unit containing a lactone structure,

n
Ry

o~y

Mr—rhr
"o

in which
A represents an ester bond (—COO—) or an amido bond
(—CONH—),

10

15

20

25

30

35

40

45

50

55

60

65
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R, represents an alkylene group, a cycloalkylene group or
a combination thereof, provided that a plurality of Ry’s
may be identical to or different from each other,

Z represents an ether bond, an ester bond, a carbonyl bond,
an amido bond, a urethane bond or a urea bond, provided
that a plurality of Z’s may be identical to or different
from each other,

Ry represents a monovalent organic group with a lactone
structure,

n, is the number of repetitions of the structure of the for-
mula —R,—7—, being an integer of 1 to 5, and

R, represents a hydrogen atom, a halogen atom or an alkyl
group.

7. The actinic-ray- or radiation-sensitive resin composition
according to claim 1, which produces a film that before expo-
sure, exhibits a receding contact angle of 70° or greater with
water.

8. A resist film produced from the actinic-ray- or radiation-
sensitive resin composition according to claim 1.

9. A method of forming a pattern, comprising forming the
actinic-ray- or radiation-sensitive resin composition of claim
1 into a film, exposing the film and developing the exposed
film.

10. The method of forming a pattern according to claim 9,
wherein the exposure is carried out by a liquid immersion
exposure.

11. The actinic-ray- or radiation-sensitive resin composi-
tion according to claim 1, wherein the resin (A) contains no
aromatic group.

12. The actinic-ray- or radiation-sensitive resin composi-
tion according to claim 1, wherein the resin (A) contains a
repeating unit having an group that is decomposed by the
action of an acid to thereby produce an alkali-soluble group,
the repeating unit is at least either any of the repeating units of
general formula (AI-1) below or any of the repeating units of
general formula (AI-2) below,

(A1)

(@) (@]
rj—Rz
R
(AL-2)
Rz
O (@]
Rs + R4

in general formulae (AI-1) and (AI-2),

each of R, and R; independently represents a hydrogen
atom, an optionally substituted methyl group or any of
the groups of the formula —CH,—R,, R, represents a
monovalent organic group,

each of R,, R,, R; and Ry independently represents an alkyl
group or a cycloalkyl group,

R represents an atomic group required for forming an ali-
cyclic structure in cooperation with a carbon atom.

#* #* #* #* #*



